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In  the  present  edition  of  this  book,  while  every  part  has  received 
a careful  revision,  the  original  plan  of  arrangement  has  been  changed 
only  so  far  as  was  necessary  for  the  introduction  ot  new  material.  Al- 
though the  whole  field  of  physiology  has  been  cultivated,  of  late  years, 
with  unusual  industry  and  success,  perhaps  the  most  important  advances 
have  been  made  in  the  two  departments  of  Physiological  Chemistry  and 
the  Nervous  System.  The  number  and  classification  of  the  proximate 
principles,  more  especially,  and  their  relation  to  each  otliei  in  the  pio- 
cess  of  nutrition,  have  become,  in  many  respects,  bettei  understood 
than  formerly ; though  it  is  evident  that  this  fundamental  part  of 
physiology  is  to  receive,  in  the  future,  modifications  and  additions  of 
the  most  valuable  kind. 

In  nearly  every  division  of  physiological  study,  a prominent  feature 
of  recent  progress  has  been  the  increased  attention  paid  to  quantitative 
investigation.  The  conviction  has  apparently  become  general  that, 
in  physiology  as  well  as  in  other  natural  sciences,  the  knowledge 
gained  by  any  method  of  study  is  essentially  imperfect  until  its  re- 
sults can  be  stated  in  figures.  The  chemical  characters  of  an  ingre- 
dient or  product  of  the  animal  system  are  hardly  more  important  than 
its  quantity;  and  for  determining  its  physiological  relation  to  other 
substances,  of  similar  or  different  kinds,  the  knowledge  of  its  quantity 
is  absolutely  indispensable.  Investigations  of  this  sort,  in  respect  to 
the  living  body,  are  surrounded  with  difficulties  ; but  the  results  ob- 
tained are  steadily  increasing  in  precision  and  extent,  and  already  form 
a most  important  element  in  the  study  of  physiology. 

In  a text-book  Jike  the  present,  it  is  desirable  that  the  reader  should 
not  be  misled  by  having  all  the  frequent  changes  of  opinion,  or  sub- 
stitutions of  theory,  presented  as  discoveries  in  physiological  science. 
Any  faithfully  observed  facts,  however  unexpected  or  peculiar,  are  ol 
course  at  once  invested  with  a permanent  value.  But  the  theoretical 
explanations,  by  which  they  are  sometimes  accompanied,  are  not  of  the 
same  importance.  They  often  represent  only  a scheme  of  probabilities 


( v) 


VI 


PREFACE. 


exist  in  o'  in  the  mind  of  the  author,  and  may  be  altered  at  any  ffae  to 
suit  the  requirements  of  more-  extended  observation.  In  rendering  an 
account,  therefore,  of  the  state  of  knowledge  upon  any  physiological 
subject,  the  student  should  be  informed,  not  only  of  the  results  now  in 
our  possession,  but  also  of  the  means  of  investigation  by  wine  ey 
have  been  attained.  He  is  thus  enabled  to  distinguish  between  what 
is  positive  in  physiological  doctrines,  and  what  is  hypothetical;  and 
when  further  discoveries  are  made,  which  lead  to  changes  of  opinion, 
he  is  not  confused  or  disappointed  at  apparent  contradictions  between 
the  new  views  and  the  old.  This  method  requires  a certain  amount  oi 
detail  in  the  statement  of  facts;  but  its  advantages  are  ample  compen- 
sation for  the  necessary  expenditure  of  time  and  space. 

The  additions  and  alterations  in  the  text,  requisite  to  present  con- 
cisely the  growth  of  positive  physiological  knowledge,  have  resulted, 
in  spite  of  the  author’s  earnest  efforts  at  condensation,  m an  increase 
of  fully  fifty  per  cent,  in  the  matter  of  the  work.  A change,  however, 
in  the  typographical  arrangement  has  accommodated  these  additions 
without  undue  enlargement  in  the  bulk  of  the  volume. 

The  new  chemical  notation  and  nomenclature  are  introduced  into  the 
present  edition,  as  having  now  so  generally  taken  the  place  ot  the  old, 
that  no  confusion  need  result  from  the  change.  The  centigrade  system 
of  measurements  for  length,  volume,  and  weight,  is  also  adopted,  these 
measurements  being  at  present  almost  universally  employed  in  original 
physiological  investigations  and  their  published  accounts.  Tempera- 
tures are  given  in  degrees  of  the  centigrade  scale,  usually  accompanied 
by  the  corresponding  degrees  of  Fahrenheit’s  scale,  inclosed  in  brackets. 


New  York,  September,  1875. 
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INTRODUCTION. 

The  study  of  Physiology  embraces  all  the  active  phenomena  pre- 
sented by  living  beings— such  as  growth,  reproduction,  movement, 
sensation,  the  chemical  changes  manifested  in  the  body  during  life,  as 
well  as  its  action  upon  external  substances  and  its  dependence  upon 
external  conditions. 

Living  bodies  are  distinguished,  as  regards  their  structure,  from 
those  of  the  inorganic  world  mainly  by  the  fact  that  they  are  organized  ; 
that  is,  they  are  composed  of  a number  of  different  parts,  or  organs, 
connected  with  each  other  and  mutually  dependent.  In  all  the  higher 
orders,  both  of  animals  and  plants,  these  various  organs  belonging  to 
the  same  body  are  quite  numerous,  and  are  very  different  from  each 
other  both  in  their  structure  and  properties. 

In  an  animal,  for  example,  there  is  an  external  integument  covering 
the  surface  of  the  body,  bones  which  form  a framework  for  the  protection 
and  attachment  of  other  parts,  muscles  bj'  which  the  limbs  are  put  in 
motion,  an  alimentary  canal  for  the  digestion  of  the  food,  and  various 
glands  for  the  secretion  of  the  animal  fluids.  In  a plant  there  are  roots 
which  absorb  the  ingredients  of  the  soil,  leaves  which  elaborate  the 
vegetable  juices,  and  the  various  parts  of  the  blossom  which  are  con- 
cerned in  the  production  of  the  fruit.  Thus  each  different  organ  has  a 
special  structure,  and  plays  a distinct  part  in  the  living  organism. 

The  peculiar  action  or  result  accomplished  in  this  way  by  a particular 
organ  is  called  its  function.  There  are,  therefore,  a variety  of  functions 
going  on  in  the  living  body,  each  one  as  distinct  as  the  organ  by  which 
it  is  performed.  But  no  one  of  them  is  entirely  independent  of  the  rest. 
The  circulation  of  the  blood,  which  is  carried  on  by  the  organs  of  the 
vascular  system,  requires  that  the  blood  should  be  incessantly  renovated 
by  the  process  of  respiration  in  order  that  it  may  continue  undisturbed ; 
and  the  circulation  is  in  its  turn  necessary  to  the  functions  of  secretion 
and  nutrition,  for  which  it  supplies  the  necessary  material  to  all  parts 
of  the  body.  Thus  all  the  different  functions  are  in  a state  of  mutual 
dependence,  and  the  life  of  the  whole  body  is  a result  of  the  simultaneous 
and  harmonious  action  of  its  different  parts. 
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The  only  method  by  which  physiology  can  be  studied  is  the  observa- 
tion of  nature.  The  phenomena  presented  by  living  creatures  are  only 
to  be  learned  by  direct  examination,  and  cannot  be  inferred,  by  any 
process  pf  reasoning,  from  any  other  facts  of  a different  character. 
Even  a knowledge  of  the  minute  structure  of  a part,  however  exact, 
cannot  furnish  any  information  as  to  its  active  properties  or  function  ; 
and  these  properties  can  be  learned  only  by  examining  the  organ  when 
it  is  in  a state  of  activity.  Thus  the  muscular  fibre  and  the  nervous 
fibre  present  certain  well-defined  characters  of  minute  structure  which 
are  easily  distinguished  by  anatomical  examination,  but  which  could 
not  teach  us  anything  of  their  physiological  properties ; while  dnect 
experiment  shows  that  the  muscular  fibre  is  contractile  and  the  nervous 
fibre  excitable  or  sensitive. 

Since  the  vital  phenomena  of  the  entire  body  result  from  the  com- 
bined activity  of  its  different  parts,  these  different  parts  should  be 
studied  by  themselves  in  order  to  ascertain  their  particular  properties 
This  can  be  done  by  examination  and  experiment  for  each  part  whi  e 1 
still  retains  its  vital  powers.  Experience  shows  that  after  the  circu  a- 
tion  has  ceased,  and  consciousness  and  volition  have  disappeared  many 
minute  portions  of  the  body  continue  for  a time  capable  of  manifesting 
their  physiological  action.  Thus  a muscular  fibre,  separated  fiom  the 
remaining  tissues,  may  still  be  made  to  contract  under  the  appropnate 
stimulus  f and  a nerve,  though  cut  off  from  its  connection  with  the 
brain,  may  also  be  called  into  activity  by  mechanics  or  electrical 
irritation.  This  is  because  each  part  retains  its  phys.o  og, cal  poweis 
so  long  as  it  retains  its  peculiar  structure  and  constitution.  The 
general  functions  of  the  body,  such  as  the  circulation,  digestion  and 
respiration,  have  for  their  object  to  provide  for  the  nutrition  of 
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again  be  put  in  operation.  The  most  important  facts  have  often 
remained  long  unknown  or  misunderstood  for  this  reason,  lhe  eailier 
anatomists  supposed  that  the  arteries  were  tubes  for  the  circulation  of 
air,  because  they  appeared  empty  when  opened  after  death.  It  was 
onl3r  when  Galen  exposed  the  artery  of  a living  animal,  and,  opening  it 
between  two  ligatures,  showed  it  to  be  full  of  blood,  that  the  true  func- 
tion of  these  vessels  was  ascertained.  The  lacteal  and  lymphatic  vessels 
were  discovered  in  the  seventeenth  century ; but  from  their  small  size, 
and  the  small  amount  of  fluid  contained  in  them,  the  circulation  in  the 
lymphatic  system  was  thought  to  be  very  limited  in  quantity.  Two 
hundred  years  afterward,  when  the  experiment  was  performed  of 
introducing  a canula  into  the  thoracic  duct  of  the  living  animal  and 
continuing  the  observation  while  digestion  and  absorption  were  going 
on,  the  experimenters  obtained,  in  horses  and  oxen,  from  fifty  to  one 
hundred  pounds  of  lymph  and  chyle  during  twenty-four  hours ; thus 
demonstrating  the  existence  of  a vital  activity  much  greater  than  could 
have  been  suspected  from  any  examination  of  the  dead  bod}'. 

The  observation  of  the  physiological  actions  during  life  usually  re- 
quires the  employment  of  certain  contrivances  and  manipulations  in 
order  to  arrive  at  accurate  results.  Even  the  more  superficial  phe- 
nomena, such  as  the  changes  in  the  air  produced  by  respiration,  can 
only  be  studied  with  precision  by  the  aid  of  artificial  means  for  meas- 
uring and  examining  the  various  gases  absorbed  or  discharged.  The 
processes  going  on  in  the  internal  organs  are  more  especially  concealed 
from  view,  and,  therefore,  need  for  their  study  the  use  of  instruments 
and  operations  in  order  to  bring  them  under  observation.  It  is  accord- 
ingly necessary,  in  the  large  majority  of  cases,  to  resort  to  experiments 
upon  animals  in  the  study  of  physiology,  and  all  the  important 
knowledge  thus  far  gained  has  been  acquired  in  this  way.  But  as  the 
physiology  of  the  human  species  is  the  main  object  of  our  study,  and 
as  each  different  species  of  animals  presents  certain  peculiarities  which 
distinguish  it  from  others,  it  becomes  essential  to  know  how  far  we  can 
apply  the  results  derived  from  experiment  upon  one  species  to  the 
physiology  of  the  others,  or  to  that  of  the  human  body  itself. 

All  animals  present  certain  general  phenomena  in  common,  namely, 
those  of  nutrition,  secretion,  absorption,  movement,  and  reproduc- 
tion. The  vertebrate  animals,  to  which  class  man  belongs,  are  fur- 
thermore constructed  upon  the  same  general  plan  of  organization,  and 
their  corresponding  organs  are  evidently  the  same  in  character.  The 
different  parts  of  their  nervous  and  vascular  systems,  their  digestive 
apparatus,  their  organs  of  locomotion,  of  secretion,  excretion,  and 
reproduction,  have  the  same  relative  position,  and  can  be  easily  recog- 
nized and  compared  with  each  other.  The  ingredients  of  their  solids 
and  fluids  have  the  same  or  a similar  chemical  constitution,  and  play  a 
corresponding  part  in  the  vital  processes.  The  coloring  matter  of  the 
blood  is  identical  in  all  of  them ; they  all  absorb  oxygen  and  exhale 
carbonic  acid  with  more  or  less  activity ; and  many  or  most  of  their. 
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secretions  and  excretions  have  the  same  physiological  character.  The 

whole  value  of  physiological  experiment,  as  applied  to 
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expended  in  its  manifestation.  The  study  of  physiology,  therefore, 
requires  a certain  knowledge  of  the  chemical  and  physical  reactions 
presented  in  the  outer  world,  in  order  that  the  observer  may  be  able  to 
appreciate  the  peculiarities  of  similar  phenomena  as  they  occur  in  the 
living  body.  As  all  animated  beings  are  closely  dependent  on  external 
conditions  for  the  maintenance  of  their  vitality,  it  is  evident  that  the 
study  of  their  vital  actions  cannot  be  disconnected  from  that  of  external 
natural  phenomena.  The  pressure  and  tension  of  the  atmosphere,  for 
example,  as  well  as  its  chemical  constitution,  are  directly  connected  with 
the  process  of  respiration ; and  the  circulation  of  the  blood  through  the 
vessels  exhibits  the  physical  phenomena  of  an  incompressible  fluid  flow- 
ing through  elastic  tubes. 

By  the  term  vital  phenomena , accordingly,  we  mean  those  phenomena 
which  are  manifested  in  the  living  body,  and  which  are  characteristic  of 
its  functions.  At  the  same  time  many  of  them  do  not  differ  in  character  . 
from  those  of  the  outside  world,  but  only  in  the  peculiarity  of  their 
conditions  and  their  results. 

Some  of  these  phenomena  are  physical  or  mechanical  in  their  charac- 
ter ; as,  for  example,  the  play  of  the  articulating  surfaces  upon  each 
other,  the  balancing  of  the  spinal  column  with  its  appendages,  the  action 
of  the  elastic  ligaments.  Nevertheless,  these  phenomena,  though  strictly 
physical  in  character,  are  often  entirely  peculiar  and  different  from  those 
seen  elsewhere,  because  the  mechanism  of  their  production  is  peculiar  in 
its  details.  Thus  the  human  voice  and  its  modulations  aie  pioduced  in 
the  larynx,  in  accordance  with  the  general  physical  laws  of  sound , but 
the  arrangement  of  the  elastic  and  movable  vocal  chords,  and  theii 
relations  with  the  columns  of  air  above  and  below,  the  moist  and  flexi- 
ble mucous  membrane,  and  the  contractile  muscles  outside,  are  of  such 
a special  character  that  the  entire  apparatus,  as  well  as  the  sounds  pro- 
duced by  it,  is  peculiar ; and  its  action  cannot  be  properly  compared 
with  that  of  any  other  known  musical  instrument. 

In  the  same  manner,  the  movements  of  the  heart  are  so  complicated 
and  remarkable  that  they  cannot  be  comprehended,  even  by  one  who  is 
acquainted  with  the  anatomy  of  the  organ,  without  a direct  examination. 
This  is  not  because  there  is  anything  essentially  obscure  or  mysterious 
in  their  nature,  for  they  are  purely  mechanical  in  character ; but  because 
their  conditions  are  so  peculiar,  owing  to  the  tortuous  course  ot  the 
muscular  fibi'es,  their  arrangement  in  interlacing  layers,  their  attach- 
ments and  relations,  that  their  combined  action  produces  an  effect  alto- 
gether peculiar,  and  one  which  is  not  similar  to  anything  outside  the 
living  body. 

A very  large  and  important  class  of  the  vital  phenomena  are  those  of 
a chemical  character.  It  is  one  of  the  characteristics  of  living  bodies 
that  a succession  of  chemical  actions,  combinations,  and  decompositions, 
is  constantly  going  on  in  their  interior.  It  is  one  of  the  necessary  con- 
ditions of  the  existence  of  every  animal  and  every  vegetable,  that  it 
should  constantly  absorb  various  substances  from  without,  which  under- 
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go  different  chemical  alterations  in  its  interior,  and  are  finally  discharge 
from  it  under  other  forms.  If  these  changes  be  prevented  fiom  taking 
place,  life  is  immediately  extinguished.  Thus  animals  constantly  absorb 
on  the  one  hand,  water,  oxygen,  salts,  albumen  oil,  sugar,  etc  and  give 
up  on  the  other  hand,  to  the  surrounding  media,  carbonic  acid,  wate  , 
creatine,  the  urates,  urea,  and  the  like  ; while  between  ^ese  two  extreme 
points,  of  absorption  and  exhalation,  there  take  place  a multitude  of 
different  transformations  which  are  essential  to  the  contmuance  of  1 e 
Some  of  these  chemical  actions  are  the  same  with  those  which  are 
seen  outside  the  body;  but  most  of  them  are  peculiar,  and  do  not  take 
place  anywhere  else.  This,  again,  is  not  because  there  is  anything  exc  po- 
tion al  in  their  nature , but  because  the  conditions  necessary  foi  their 
accomplishment  exist  in  the  body,  and  do  not  exist  elsewhere 
chemical  phenomena  are  liable  to  be  modified  by  surroundmg  comliti  o 
. Many  reactions  which  will  take  place  at  a high  tompe»tm  ^ will  not 
take  place  at  a low  temperature,  and  vice  versa  Some  will  take  place 
in  the  light,  but  not  in  the  dark  ; others  will  take  place  in  the  daik,  but 
not  in  the  light.  Because  a chemical  reaction,  therefore,  takes  place 
ot  sefof  conditions,  wo  cannot  be  at  all  save  that  it  will  take 

nlace  under  others  which  are  different. 

1 The  chemical  conditions  of  the  living  body  are  exceedingly  compli- 
cated! In  the  animal  solids  and  fluids,  there  are  many  substances 
minded  together  in  varying  quantities,  which  modify  or  mteifeie  wit 
each  other’s  reactions.  New  substances  are  constantly  ente  g 3 
absorption,  and  old  ones  leaving  by  eolation;  while  th  Mng 
fluids  are  incessantly  passing  from  one  part  of  ’ ‘ j 

and  coming  in  contact  with  different  organs  of  different  testme  and 
composition-  All  tlrese  conditions  are  peculiar,  and  so  modify  the 
S actions  taking  place  in  the  body  that  they  are  often  unlike 

those  met  with  elsewhere.  , 

If  starch  and  iodine  be  mingled  together  in  a watery . 
unite  with  each  other,  and  strike  a deep  blue  eolol ; 1 but  if  they  b 
mingled  in  the  blood,  no  such  reaction  takes  place,  beca  me  it  is  pre 
vented  by  the  presence  of  certain  organic  substances  which 

W‘lf  dead  animal  matter  be  exposed  to  warmth,  air,  and  “““‘“r®’ 

mitrefies-  but  if  introduced  into  the  living  stomach,  this  i 

vented!  because  the  fluids  of  the  stomach  cause  the  animal  substan e to 
undergo  a peculiar  transformation  (digestion),  ^^i^ 
vessels  immediately  remove  it  by  a1*10'!’  ' body  ot  animals 

substances  which  make  their  appearanc  & r, brine  albu- 

or  vegetables,  and  which  are  not  found  elsewhere;  such  a 
men,  caseine,  the  biliary  salts,  hemoglobine, 

These  substances  cannot  be  manufacture  a • . ’ 1 . f 

we  are  unable  to  imitate  the  neebssary  conditions.  They  lu, 

their  production  the  presence  of  a living  different 

The  chemical  phenomena  of  the  living  body  aie,  theiefore, 
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in  their  nature  from  any  other  chemical  phenomena;  but  they  are  often 
different  in  their  conditions  and  in  their  results,  and  are  consequently 
peculiar  and  characteristic. 

Another  set  of  vital  phenomena  are  those  which  are  manifested  in  the 
processes  of  reproduction  and  development.  They  are  entirely  distinct 
from  any  phenomena  which  are  exhibited  by  matter  not  endowed  with 
life.  An  inorganic  substance,  even  when  it  has  a definite  form,  as,  for 
example,  a crystal  of  fiuor  spar,  has  no  particular  relation  to  any  similar 
form  which  has  preceded,  or  any  other  which  is  to  follow  it.  On  the 
other  hand,  every  animal  and  every  vegetable  owes  its  origin  to  pre- 
ceding animals  or  vegetables  of  the  same  kind;  and  the  manner  in 
which  this  production  takes  place,  and.  the  different  forms  through 
which  the  new  body  successively  passes  in  the  course  of  its  develop- 
ment, constitute  the  phenomena  of  reproduction.  These  phenomena 
are  mostly  dependent  on  the  chemical  processes  of  nutrition  and  growth, 
which  take  place  in  a particular  direction  and  in  a particular  manner; 
but  their  results,  namely,  the  production  of  a connected  series  of  different 
forms,  constitute  a separate  class  of  phenomena,  which  cannot  be  ex- 
plained in  any  manner  by  the  preceding,  and  require,  therefore,  to  be 
studied  by  themselves. 

Another  set  of  vital  phenomena  are  those  which  belong  to  the  nervous 
system.  These,  like  the  processes  of  reproduction  and  development, 
depend  on  the  chemical  changes  of  nutrition  and  growth.  That  is  to 
say,  if  the  nutritive  processes  did  not  go  on  in  a healthy  manner  and 
maintain  the  nervous  system  in  a healthy  condition,  the  peculiar  phe- 
nomena which  are  characteristic  of  it  could  not  take  place.  The  nutri- 
tive processes  are  necessary  conditions  of  the  nervous  phenomena.  But 
there  is  no  other  connection  between  them ; and  the  nervous  phenomena 
themselves  are  distinct  from  all  others,  both  in  their  nature  and  in  the 
mode  in  which  they  are  to  be  studied. 

The  study  of  Physiology  is  naturally  divided  into  three  distinct  Sec- 
tions : — 

I.  The  first  of  these  includes  everything  which  relates  to  the  Nutri- 
tion of  the  body  in  its  widest  sense.  It  comprises  the  history  of  the 
proximate  principles,  their  source,  the  manner  of  their  production,  the 
proportions  in  which  they  exist  in  different  kinds  of  food  and  drink,  the 
processes  of  digestion  and  absorption,  and  the  constitution  of  the  circu- 
lating fluids;  then,  the  physical  phenomena  of  the  circulation  and  the 
forces  by  which  it  is  accomplished ; the  changes  which  the  blood  under- 
goes in  different  parts  of  the  body ; all  the  phenomena,  both  phj'sical 
and  chemical,  of  respiration;  those  of  secretion  and  excretion,  and  the 
character  and  destination  of  the  secreted  and  excreted  fluids.  All  these 
processes  have  reference  to  a common  object,  namely,  the  preservation  of 
the  normal  structure  and  organization  of  the  individual.  Their  results 
comprise  the  phenomena  of  internal  growth  and  nutrition,  which  are 
common  to  the  animal  and  vegetable  kingdoms;  and  they  are  accord- 
ingly known  by  the  name  of  the  vegetative  functions. 
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II  The  second  Section,  in  the  natural  order  of  study,  is  devoted  to 
the  phenomena  of  the  Nervous  System.  These  phenomena  arc  not 
exhibited  by  vegetables,  but  belong  exclusively  to  animal  organizations. 
They  bring  the  animal  body  into  relation  with  the  external  world,  and 
preserve  it  from  external  dangers,  by  means  of  sensation,  movement 
consciousness,  and  volition.  They  are  more  particularly  distinguished 

bv  the  name  of  the  animal  functions. 

III.  Lastly  comes  the  study  of  the  entire  process  oi  Reproduction. 
Its  phenomena,  again,  with  certain  modifications  are  met  with  in  both 
animals  and  vegetables  ; and  might,  therefore,  with  some  propuety,  be 
included  under  the  head  of  vegetative  functions.  But  then  distinguish- 
ing peculiarity  is,  that  they  have  for  their  object  the  production  of  new 
organisms,  which  take  the  place  of  the  old  and  remain  after  they  have 
disappeared.  These  phenomena  do  not,  therefore,  relate  to  the  preserva- 
tion of  the  individual,  but  to  that  of  the  species ; and  any  study  which 
concerns  the  species  comes  properly  after  we  have  finished  everything 
relating  to  the  individual. 
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CHAPTER  I. 

PROXIMATE  PRINCIPLES  IN  GENERAL. 

The  study  of  Nutrition  begins  naturally  with  that  of  the  proximate 
principles , or  the  substances  entering  into  the  composition  of  the  dif- 
ferent parts  of  the  body,  and  the  different  kinds  of  food.  In  examining 
the  body,  the  anatomist  finds  that  it  is  composed,  first,  of  various  parts, 
which  are  easily  recognized  by  the  eye,  and  which  occupy  distinct  situa- 
tions. In  the  case  of  the  human  body,  for  example,  a division  is  easily 
made  of  the  entire  frame  into  the  head,  neck,  trunk,  and  extremities. 
Each  of  these  regions,  again,  is  found,  on  examination,  to  contain  several 
distinct  parts,  or  “organs,”  which  require  to  be  separated  Irom  each 
other  by  dissection,  and  which  are  distinguished  by  their  form,  color, 
texture,  and  consistencj7.  In  a single  limb,  for  example,  every  bone  and 
every  muscle  constitutes  a distinct  organ.  In  the  trunk,  we  have  the 
heart,  the  lungs,  the  liver,  spleen,  kidneys,  spinal  cord,  etc.,  each  of 
which  is  also  a distinct  organ.  When  a number,  of  organs,  differing  in 
size  and  form,  but  similar  in  texture,  are  found  scattered  throughout 
the  entire  frame,  or  a large  portion  of  it,  they  form  a connected  set  or 
order  of  parts,  which  is  called  a “ system.”  Thus,  all  the  muscles  taken 
together  constitute  the  muscular  system;  all  the  bones,  the  osseous 
system ; all  the  arteries,  the  arterial  system.  Several  entirely  different 
organs  may  also  be  connected  with  each  other,  so  that  their  associated 
actions  tend  to  accomplish  a single  object,  and  they  then  form  an 
“ apparatus.”  Thus  the  heart,  arteries,  capillaries,  and  veins,  together, 
form  the  circulatory  apparatus  ; the  stomach,  liver,  pancreas,  intestines, 
etc.,  the  digestive  apparatus.  Every  organ,  again,  on  microscopic  ex- 
amination, is  seen  to  be  made  up  of  minute  bodies,  of  definite  size  and 
figure,  which  are  so  small  as  to  be  invisible  to  the  naked  eye,  and  which, 
after  separation  from  each  other,  cannot  be  further  subdivided  without 
destroying  their  organization.  They  are,  therefore,  called  “ anatomical 
elements.”  Thus,  in  the  liver,  there  are  hepatic  cells,  capillary  blood- 
vessels, the  fibres  of  Glisson’s  capsule,  and  the  ultimate  filaments  of  the 
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hepatic  nerves.  Lastly,  two  or  more  kinds  ot  anatomical  elements 
interwoven  with  each  other  in  a particular  manner  form  a “tissue.” 
Adipose  vesicles,  with  capillaries  and  nerve  filaments,  form  adipose 
tissue.  White  fibres,  elastic  fibres,  and  connective-tissue  cells,  with 
capillary  bloodvessels  and  nerve  filaments,  form  connective  tissue.  Thus 
the  solid  parts  of  the  entire  body  are  made  up  of  anatomical  elements, 
tissues,  organs,  systems,  and  apparatuses.  Every  organized  frame,  and 
even  every  apparatus,  every  organ,  and  every  tissue,  is  made  up  of  dif- 
ferent parts,  variously  interwoven  and  connected  with  each  other,  and 
it  is  this  character  which  constitutes  its  organization. 

But  beside  the  above  solid  forms,  there  are  also  certain  fluids,  which 
are  constantly  present  in  various  parts  of  the  body,  and  which,  from 
their  peculiar  constitution,  are  termed  “ animal  fluids.”  Ihese  fluids 
are  just  as  much  an  essential  part  of  the  body  as  the  solids.  The  blood 
and  the  lymph,  for  example,  the  pericardial  and  synovial  fluids,  the 
saliva,  which  always  exists  more  or  less  abundantly  in  the  ducts  ot  the 
parotid  gland,  the  bile  in  the  biliary  ducts  and  the  gall-bladder:  all 
these  go  to  make  up  the  entire  body,  and  are  quite  as  necessary  to  its 
physiological  structure  as  the  muscles  or  the  nerves.  Now,  if  these 
fluids  be  examined,  they  are  found  to  be  made  up  of  many  different  sub- 
stances, which  are  mingled  together  in  certain  proportions;  these  pro- 
portions being  constantly  maintained  at  or  about  the  same  standard  by 
the  natural  processes  of  nutrition.  Such  a fluid  is  termed  an  organized 
fluid.  It  is  organized  by  virtue  of  the  numerous  ingredients  Which 
enter  into  its  composition,  and  the  regular  proportions  m which  these 
ingredients  are  maintained.  Thus  in  the  plasma  of  the  blood,  we  have 
albumen,  fibrine,  water,  chlorides,  carbonates,  and  phosphates.  In  t e 
urine,  we  find  water,  urea,  sodium  urate,  creatinine,  coloring  matter,  and 
salts.  These  substances,  which  are  mingled  together  so  as  to  make  up, 
in  each  instance,  by  their  intimate  union,  a homogeneous  liquid,  are 
' called  the  proximate  principles  of  the  animal  fluid. 

In  the  solids,  furthermore,  even  in  those  parts  which  are  apparently 
homogeneous,  there  is  a similar  mixture  of  various  ingredients  In  the 
hard  substance  of  bone,  for  example,  there  is,  first  water,  which  may  be 
expelled  by  evaporation;  second,  lime  phosphate  and  carbonate,  which 
may  be  extracted  by  the  proper  solvents  ; third,  a peculiar  animal  matter, 
with  which  these  calcareous  salts  are  in  union  ; and  fourth,  various  othei 
saline  substances,  in  special  proportions.  The  muscular  tissue  contains 
water,  sodium  and  potassium  chlorides,  lime  phosphate,  creatine,  vari- 
ous forms  of  albumen,  and  an  animal  matter  termed  myosine.  The 
difference  in  consistency  between  the  solids  and  fluids  does  not,  there- 
fore, indicate  any  radical  difference  in  their  constitution.  _ Both  aie 
equally  made  up  of  proximate  principles,  mingled  together  in  vanous 

111  It  ^'important  to  understand,  however,  exactly  what  are  proximate 
principles,  and  what  are  not  such;  for  since  these  principles  are  ex- 
tracted from  the  animal  solids  and  fluids,  and  separate!  10m  cac  1 
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other  by  the  help  of  certain  chemical  manipulations,  such  as  evapora- 
tion, solution,  crystallization,  and  the  like,  it  might  be  supposed  hat 
every  substance  which  could  be  extracted  from  an  organized  solid  or 
fluid  by  chemical  means,  should  be  considered  as  a proximate  princi- 
ple. 1 That,  however,  is  not  the  case.  A proximate  principle  is  proper  y 
defined  to  be  any  substance , whether  simple  or  compound , chemically 
speaking , which  exists,  under  its  own  form,  in  the  animal  solid  or  fluid, 
and  which  can  be  extracted  by  means  which  do  not  alter  or  destroy  its 
chemical  properties.  Lime  phosphate,  for  example,  is  a proximate 
principle  of  bone,  but  phosphoric  acid  is  not  so,  since  it  does  not  exist 
as  such  in  the  bony  tissue,  but  is  produced  only  by  the  decomposition 
of  the  calcareous  matter  ; still  less  phosphorus,  which  is  obtained  only 
by  the  decomposition  of  the  phosphoric  acid. 

Proximate  principles  may,  in  fact,  be  said  to  exist  in  all  solids  or 
fluids  of  mixed  composition,  and  maybe  extracted  from  them  by  the 
same  means  as  in  the  case  of  the  animal  tissues  or  secretions.  Thus,  m 
a watery  solution  of  sugar,  we  have  two  proximate  principles,  namely  , 
first,  the  water,  and  secondly,  the  sugar.  The  water  may  be  separated 
by  evaporation  and  condensation,  after  which  the  sugar  remains  behind, 
in  a crystalline  form.  These  two  substances  have,  therefore,  been  sim- 
ply separated  from  each  other  by  the  process  of  evaporation.  They 
have  not  been  decomposed,  nor  their  chemical  properties  alteied.  On 
the  other  hand,  the  hydrogen  and  oxygen  of  the  water  were  not  proxi- 
mate principles  of  the  original  solution,  and  did  not  exist  in  it  undei 
their  own  forms,  but  only  in  a state  of  combination;  forming,  in  this 
condition,  a fluid  substance  (water),  endowed  with  sensible  properties 
entirely  different  from  theirs.  If  we  wish  to  ascertain,  accordingly,  the 
nature  and  properties  of  a saccharine  solution,  it  will  afford  11s  but 
little  satisfaction  to  extract  its  ultimate  chemical  elements;  for  its 
nature  and  properties  depend  not  so  much  on  the  presence  in  it  of  the 
ultimate  elements,  oxygen,  hydrogen,  and  carbon,  as  on  the  particular 
forms  of  combination,  namely,  water  and  sugar,  under  which  they  are 
present. 

It  is  very  essential,  therefore,  that  in  extracting  the  proximate  prin- 
ciples from  the  animal  body,  only  such  means  should  be  adopted  as  will 
isolate  the  substances  already  existing  in  the  tissues  and  fluids,  without 
decomposing  them,  or  altering  their  nature.  A neglect  of  this  rule 
would  lead  to  erroneous  results  in  the  pursuit  of  physiological  chemis- 
try; for  by  subjecting  the  animal  tissues  to  the  action  of  acids  and 
alkalies,  of  prolonged  boiling,  or  of  too  intense  heat,  we  might  obtain, 
at  the  end  of  the  analysis,  substances  which  would  not  be,  properly 
speaking,  proximate  principles,  but  only  the  remains  of  an  altered  and 
disorganized  material.  Thus,  the  fibrous  tissues,  if  boiled  steadily  for 
thirty-six  hours,  dissolve,  for  the  most  part,  at  the  end  ot  that  time, 
in  the  boiling  water;  and  on  cooling  the  whole  solution  solidifies  into  a 
homogeneous,  jelly-like  substance,  which  has  received  the  name  of 
gelatine.  But  this  gelatine  does  not  really  exist  in  the  body  as  a 
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proximate  principle,  since  the  fibrous  tissue  which  produces  it  is  not  at 
first  soluble,  even  in  boiling  water,  and  its  ingredients  become  altered 
and  converted  into  a gelatinous  matter  only  by  prolonged  ebullition. 
So,  again,  an  animal  substance  containing  the  alkaline  acetates  or  lac- 
tates will,  upon  incineration  in  the  air,  yield  carbonates  of  the  same 
bases,  the  original  acid  having  been  destroyed,  and  replaced  by  car- 
bonic acid.  In  either  case,  the  analysis  of  the  tissue,  so  conducted, 
would  be  a deceptive  one,  and  useless  for  anatomical  and  physiological 
purposes,  because  its  real  ingredients  have  been  decomposed,  and  re- 
placed by  others,  in  the  process  of  manipulation. 

It  should,  therefore,  be  kept  constantly  in  view,  in  the  examination 
of  an  animal  tissue  or  fluid,  that  the  object  of  the  operation  is  simply 
the  separation  of  its  ingredients  from  each  other , and  not  their  decom- 
position or  ultimate  analysis.  Only  the  simplest  forms  of  chemical 
manipulation,  if  possible,  should  be  employed.  The  substance  to  be 
examined  should  first  be  subjected  to  evaporation,  in  order  to  extract 
and  estimate  its  water.  This  evaporation  must  be  conducted  at  a heat 
not  above  100°  (212°  F.),  since  a higher  temperature  would  destroy  or 
alter  some  of  the  animal  ingredients.  Then,  from  the  dried  residue, 
sodium  chloride,  alkaline  sulphates,  carbonates,  and  phosphates  may  be 
extracted  with  water.  Coloring  matters  may  be  separated  by  alcohol, 
and  oils  may  be  dissolved  out  by  ether.  When  a chemical  decomposi- 
tion is  unavoidable,  it  must  be  kept  in  sight  and  afterward  collected. 
Thus  the  sodium  glyko-cholate  of  the  bile  is  separated  from  cei  tain 
other  ingredients  by  precipitating  it  with  plumbic  acetate,  forming  lead 
glyko-cholate;  but  this  is  afterwards  decomposed,  in  its  turn,  by  sodium 
carbonate,  reproducing  the  original  sodium  glyko-cholate.  Sometimes 
it  is  impossible  to  extract  a proximate  principle  in  an  entirely  unaltered 
form.  Thus  the  fibrine  of  the  blood  can  be  separated  only  by  allowing 
it  to  coagulate;  and  once  coagulated,  it  is  permanently  altered,  and  no 
longer  presents  its  original  characters  as  an  ingredient  of  the  blood. 
In  such  instances  as  this,  we  can  only  make  allowance  for  an  unavoid- 
able difficulty,  and  endeavor  by  other  means  to  ascertain  under  what 
form  the  substance  originally  existed  in  the  animal  fluids,  being  caieful 
that  the  substance  suffers  no  further  alteration.  By  healing  in  m'lu 
the  above  considerations,  we  may  form  a tolerably  correct  estimate  o 
the  nature  and  quantity  of  all  the  proximate  principles  in  the  tissue  or 

fluid  under  examination.  . 

The  manner  in  which  the  proximate  principles  are  associated  to- 
gether is  also  deserving  of  notice.  In  every  animal  solid  and  fluid, 
there  is  a considerable  number  of  proximate  principles  which  are 
present  in  certain  proportions,  and  which  are  so  united  with  each  other 
that  the  mixture  presents  a homogeneous  appearance.  But  this  union 
is  of  a complicated  character;  and  the  presence  of  each  ingredient  de- 
pends, to  a certain  extent,  upon  that  of  the  others.  Some  ot  them, 
such  as  the  alkaline  carbonates  and  phosphates,  are  in  solution  directly 
in  the  water.  Some,  which  are  insoluble  in  water,  are  retained  in  soiu- 
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tion  by  the  presence  of  other  soluble  substances.  Thus,  the  insoluble 
lime  phosphate  of  the  urine  is  held  in  solution  by  the  acid  reaction  ol 
the  sodium  biphosphate,  which  is  also  present  as  an  ingredient.  In  the 
alkaline  blood-plasma,  on  the  other  hand,  the  lime  phosphate  is  lique- 
fied by  union  with  the  albumen,  which  is  itself  soluble  in  the  water  ot 
the  plasma.  The  same  substance  may  be  fluid  in  one  part  of  the  body, 
and  solid  in  another  part.  Thus  in  the  blood  and  secretions  the  water 
is  fluid,  and  holds  in  solution  other  substances,  both  animal  and  mine- 
ral, while  in  the  bones  and  cartilages  it  is  solid — not  crystallized,  as  in 
ice,  but  amorphous  and  solid,  by  the  fact  of  its  intimate  union  with  the 
animal  and  saline  ingredients,  which  are  abundant  in  quantity,  and 
which  are  themselves  present  in  the  solid  form.  Again,  the  lime  phos- 
phate of  the  blood  is  fluid  by  solution  in  the  albumen;  but  in  the  bones 
it  forms  a solid  substance  with  the  animal  matter  of  the  osseous  tissue ; 
and  yet  the  union  of  the  two  is  as  intimate  and  homogeneous  in  the 
bones  as  in  the  blood.  A proximate  principle,  therefore,  never  exists 
alone  in  any  part  of  the  body,  but  is  always  intimately  associated  with 
a number  of  others,  by  a kind  of  homogeneous  mixture  or  mutual  solu- 
tion. 

Every  animal  tissue  and  fluid  contains  a number  of  proximate  prin- 
ciples which  are  present,  as  we  have  already  mentioned,  in  certain 
characteristic  proportions.  Thus,  water  is  present  in  very  large  quan- 
tity iii  the  perspiration  and  the  saliva,  but  in  very  small  quantity  in 
the  bones  and  teeth.  Sodium  chloride  is  comparatively  abundant  in 
the  blood  and  deficient  in  the  muscles.  On  the  other  hand,  potassium 
chloride  is  more  abundant  in  the  muscles,  less  so  in  the  blood.  But 
these  proportions  are  nowhere  absolute  or  invariable.  There  is  a great 
difference,  in  this  respect,  between  the  chemical  composition  of  an  inor- 
ganic substance  and  the  physiological  constitution  of  an  animal  fluid. 
The  former  is  always  constant  and  definite;  the  latter  always  presents 
certain  variations.  Thus,  water  is  always  composed  of  exactly  the 
same  relative  quantities  of  hydrogen  and  oxygen ; and  if  these  propor- 
tions be  altered  in  the  least,  it  thereby  ceases  to  be  water,  and  is  con- 
verted into  some  other  substance.  But  in  the  urine,  the  proportions 
of  water,  urea,  urates,  phosphates,  etc.,  vary  within  certain  limits  in 
different  individuals,  and  even  in  the  same  individual,  from  one  hour 
to  another.  This  variation,  which  is  almost  constantly  taking  place, 
within  the  limits  of  health,  is  presented  by  all  the  animal  solids  and 
fluids.  It  is  even  a necessary  accompaniment  of  the  actions  of  life,  and 
one  of  the  characteristic  phenomena  of  living  beings.  For  all  parts  ot 
the  body  are  composed  of  different  ingredients  which  are  supplied  by 
absorption  or  formed  in  the  interior,  and  which  are  constantly  given 
up  again,  under  the  same  or  different  forms,  to  the  surrounding  media 
by  the  unceasing  activity  of  the  vital  processes.  Every  variation,  then, 
in  the  general  condition  of  the  body,  as  a whole,  is  accompanied  by  a 
corresponding  variation,  more  or  less  pronounced,  in  the  constitution 
of  its  different  parts.  This  constitution  is  consequently  of  a very  dif- 
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ferent  character  from  the  chemical  constitution  of  an  oxide  or  a salt. 
Whenever,  therefore,  we  meet  with  the  analysis  ol  an  animal  iluitl,  in 
which  the  relative  quantity  of  its  different  ingredients  is  expressed  in 
numbers,  we  must  understand  that  such  an  analysis  is  always  approxi- 
mative, and  not  absolute.  _ 

The  proximate  principles  are  naturally  divided  into  five  different 

classes. 


The  first  of  these  classes  comprises  all  the  proximate  principles  which 
are  purely  inorganic  in  their  nature.  These  principles  are  derived 
mostly  from  the  exterior.  They  are  found  everywhere,  m the  inorganic 
world  as  well  as  in  organized  bodies;  and  they  present  themselves  under 
the  same  forms  and  with  the  same  properties  in  the  interior  of  the 
animal  frame  as  elsewhere.  They  are  crystallizable,  and  they  present 
very  definite  chemical  characters  aud  have  a comparatively  simple  chemi- 
cal'constitution.  They  are  compounds,  in  simple  proportions,  of  the 
ultimate  chemical  elements,  hydrogen  and  oxygen,  the  metals  of  the 
alkaline  and  earthy  salts,  sulphur,  phosphorus,  chlorine,  and,  in  general 
terms,  of  the  ingredients  of  mineral  substances.  They  comprise  water, 
which  is  the  most  abundant  of  its  class  in  the  animal  frame  sodium 
and  potassium  chlorides,  phosphates,  and  sulphates,  alkaline  carbonates, 
the  salts  of  lime  and  magnesia,  together  with  combinations  of  a few 
other  of  the  metallic  elements  in  minute  quantity. 

The  second  class  of  proximate  principles  consists  of  the  hydrocar- 
bonaceous  substances  of  organic  origin.  They  are  distinguished  ftom 
inorganic  matters  first  by  the  fact  of  their  containing  carbon  m lai  ge 
proportion  as  one  of  their  immediate  constituents,  associated  always 
with  hydrogen  and  oxygen,  but  with  no  other  chemical  element.  Ihey 
are  always  either  crystallizable,  or  else  readily  convertible  into  other 
crystallizable  members  of  the  same  group.  Their  chemicdcom^osi 
is  less  simple  than  that  of  inorganic  substances,  but  it  is  still  sufficient  } 
definite,  and  their  chemical  characters  are  well  marked  and  easily  recog- 
nizable. They  first  make  their  appearance  in  the  mterioi  of  organized 
bodies;  and  are  not  found  in  the  inorganic  world,  excepting  as  the 
remains  or  products  of  animal  or  vegetable  life.  rlo  this  group  belo  „ 
the  several  varieties  of  starch,  sugar,  and  oil. 

The  third  class  comprises  the  albuminous,  or  m rogeni  1 ^ Qr 

principles.  These  substances  derive  their  name  fiom  «■ 
white'  of  egg,  which  was  one  of  the  earliest  to  be  studied,  and  * ueh 
^ long  considered  as  a kind  of  representative  of  the  whole  m 
They  differ  from  the  substances  of  the  two  preceding  groups,  esi  ^ ^ 
in  the  fact  that  they  contain  nitrogen  as  an  ingredien  , • 

the  three  elements  of  the  hydrocarbonaceous  matte  s “e 

sively  of  organic  origin,  appearing  only  as  ingi  edien  * 

Their  chemical  constitution,  furthermore,  is  a complicated  £ 

their’ four  elements  are  united  with  each  other  in  such  a way  as  to  io 
XS  of  a very  high  atomic  weight.  Their  chemical  characters 
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are  not  well  defined,  as  compared  with  those  of  inorganic  substances 
and  their  most  striking  properties  are  not  such  as  can  be  aocountec 
for  bv  ordinary  chemical  reactions  or  expressed  m the  usual  chemical 
nliraseoloo-y.  Nevertheless,  they  are  of  the  first  importance  as  ingredi- 
ents of  the  organized  frame,  since  they  form  a large  proportion  of  its 
mass,  and  contribute,  by  their  peculiar  properties,  to  its  most  essential 
and  characteristic  active  phenomena.  They  include  such  substances  as 

albumen,  fibrine,  oaseine,  and  myosine. 

The  fourth  class  is  formed  by  the  coloring  matters.  1 hese  sub- 
stances, upon  which  the  different  tints  of  the  solids  and  fluids  depend, 
are  present,  for  the  most  part,  in  small  quantity,  the  most  abundan 

being  the  red  coloring  matter  of  the  blood. 

Lastly,  in  the  fifth  class  are  comprised  a group  of  crystallizable 
nitrogenous  matters,  many,  if  not  all,  of  which  are  derived  from  the 
physiological  metamorphosis  of  albuminous  principles.  They  are  found 
in  some  of  the  solid  tissues,  as  the  brain  and  nerves,  in  the  secretions 
of  the  liver,  and  especially  in  the  urine,  where  they  represent  the  pro- 
ducts of  excretion. 


CHAPTER  II. 

INORGANIC  PROXIMATE  PRINCIPLES. 

The  inorganic  substances  are  present  in  the  animal  body  in  gieat 
variety.  Some  of  them,  such  as  water  and  the  salts  of  lime,  constitute 
also  a large  proportion  of  the  mass  of  the  tissues  and  fluids  in  which 
they  are  found;  others  present  themselves  in  comparatively  small 
quantity.  Some  of  them  are  found  universally  in  all  regions  of  the 
body,  while  others  are  met  with  only  in  particular  tissues  or  fluids;  but 
there  are  hardly  any  which  do  not  appear  at  the  same  time  as  con- 
stituents of  several  different  parts.  As  their  name  indicates,  these 
substances  are  met  with  extensively  in  the  inorganic  world,  and  form  a 
large  part  of  the  crust  of  the  earth.  Notwithstanding,  however,  their 
inorganic  nature,  they  are  also  essential  constituents  of  the  amma 
frame.  They  are  accordingly  necessary  ingredients  of  the  food  am 
drink,  and  no  regimen  would  be  capable  of  supporting  life  indefinite  y 
which  did  not  contain  these  materials  in  due  proportion.  _ 

The  group  of  inorganic  proximate  principles  includes  the  following 


substances  : — 


W ater ; 

Sodium  chloride ; 
Sodium  phosphate; 
Sodium  biphosphate  ; 
Sodium  sulphate ; 
Sodium  carbonate ; 
Potassium  chloride ; 


Potassium  phosphate ; 
Potassium  sulphate  ; 
Potassium  carbonate ; 
Lime  phosphate  ; 

Lime  carbonate ; 
Magnesium  phosphate ; 
Magnesium  carbonate. 


actions,  are  the  following : 

1.  Water,  H20. 
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WATER. 
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QoW.  in  order  to  give  them  the  fluidity  which  is  necessary  to  the 

nerfMrlanee  °af  ^beir  functions ; for  it  is  by  the  blood  „„d  secret, „„s 
perfomanc  ^ introduced  int0  the  body,  and  old  ingredients 

dtoharled.  And  it  is  a necessary  condition  both  of  the  introduction 
’nd  discharge  of  substances  naturally  solid,  that  they  assume  for  the 
. _ „ fluid  form;  water  is  therefore  an  essential  in giedient  oi 

the  fluidsffor  it  holds  their  solid  materials  in  solution,  and  enables  them 
to  pass  and  repass  through  the  “ fr“™'  p lr  teke  a musole 

or  a ea^tilace,  and  fxpose  it  to  a gentle  heat  in  dry  air,  it  loses  water 
by  evaporatfon,  diminishes  in  size  and  weight,  and  becomes  dense  and 
stiff  Even  the  bones  and  teeth  lose  water  by  evaporation  m this  way, 
Sough  in  smaller  quantity.  In  all  these  solid  and  semi-solid  tissues, 
the  water  which  they  contain  is  useful  by  giving  them  the  special  con- 
sistency which  is  characteristic  of  them,  and  which  would  be  lost  without 
it  Thus  a tendon,  in  its  natural  condition,  is  white,  glistening,  a 
opaque-  and  though  very  strong,  perfectly  flexible.  If  its  water  be 
expelled  by  evaporation  it  becomes  yellowish  m color,  shrivelled,  semi- 
transparent,  inflexible,  and  unfit  for  performing  its  rahaW  J^the 
The  same  thing  is  true  of  the  other  tissues,  such  as  that  of  the  skm,  the 

muscles,  the  cartilages,  and  the  glands. 

The  following  is  a list,  compiled  by  Robin  and  Yerdeil  from  vaiious 
observers,  showing  the  proportion  of  water  per  thousand  parts,  in  dif- 
ferent solids  and  fluids: — 


Teeth 

Bones 

Cartilage 

Muscles  . 

Ligaments 

Brain 

Blood 

Synovial  fluid 


Quantity  of 
. 100 
. 130 
. 550 
. 750 
. 768 
. 789 
. 795 

. 805 


1000  PARTS  IN 

Bile . 

Milk 

Pancreatic  juice 

Urine 

Lymph 

Gastric  juice  . 

Perspiration 

Saliva 


Watf.r  in 


. 880 
. 887 
. 900 

. 936 
. 960 

. 975 
. 986 

. 995 


According  to  the  best  calculations,  water  constitutes,  in  the  human 
subject,  about  seventy  per  cent,  of  the  entire  weight  of  the  body. 

The  water  which  thus  forms  a part  of  the  animal  frame  is  derived 
mainly  from  without.  It  is  taken  in  the  different  kinds  of  drink,  and 
also  forms  an  abundant  ingredient  in  the  various  articles  of  food.  T or 
no  articles  of  food  are  taken  in  an  absolutely  dry  state,  but  all  contain 
a larger  or  smaller  quantity  of  water,  which  may  readily  be  expelled  by 
evaporation.  The  quantity  of  water,  therefore,  which  is  daily  taken  into 
the  system,  cannot  be  ascertained  in  any  case  by  simply  measming  t e 
quantity  of  drink,  but  its  proportion  in  the  solid  food,  taken  at  the  same 
time,  must  also  be  determined  by  experiment,  and  this  ascertained 
quantity  added  to  that  which  is  taken  in  with  the  fluids.  By  measuring 
the  quantity  of  fluid  taken  with  the  drink,  and  calculating  in  addition 
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the  proportion  existing  in  the  solid  food,  we  have  found,  in  common 
with  the  results  formerly  obtained  by  Barral,  that,  for  a healthy  adult 
man,  the  average  quantity  of  water  introduced  into  the  system  is  about 
2000  grammes  per  day. 

There  is  every  reason  to  believe  that  a certain  quantity  of  watei  also 
makes  its  appearance  within  the  body  by  the  liberation  of  its  elements 
from  various  organic  combinations.  This  is  shown  by  the  fact  that  a 
considerable  quantity  of  hydrogen  is  daily  introduced  into  the  system 
as  a constituent  element  of  the  organic  substances  of  the  food,  while 
only  a small  part  of  this  quantity  reappears,  under  similar  forms  of 
combination,  in  the  excretions.  The  most  reliable  estimates,  in  this 
respect,  are  as  follows : — 


40  grammes. 
6 

34 


Average  Daily  Quantity  of  Hydrogen 

Introduced  in  organic  combinations  with  the  food  . 

Discharged  “ “ “ excretions. 

Residue  unaccounted  for 

Thus  not  more  than  fifteen  per  cent,  of  the  quantity  introduced  is 
discharged  in  the  organic  ingredients  of  the  excretions.  But  no  hydro- 
gen is  exhaled  from  the  body  in  a free  state,  nor  in  notable  quantity  in 
any  other  form  of  inorganic  combination  except  water.  The  surplus 
must,  therefore,  pass  out  as  part  of  the  water  or  watery  vapor  which  is 
constantly  being  discharged  from  various  organs.  The  estimates  given 
above  indicate  that  a little  over  300  grammes  of  water  are  daily  pro- 
duced in  the  body  in  this  way.  As  we  shall  hereafter  see,  an  important 
class  of  the  organic  ingredients  of  the  food  already  contain  hydrogen 
and  oxygen  in  the  relative  quantities  necessary  to  form  water;,  and, 
when  decomposed  in  the  system,  may  readily  yield  these  elements  m the 

required  proportions.  . 

Furthermore,  although  it  has  not  yet  been  proved,  m any  particular 

case,  that  more  water  is  discharged  from  the  system  than  can  be  ac- 
counted for  by  that  introduced,  yet  a comparison  of  the  average  results 
obtained  by  different  observers,  always  tends  to  show  a surplus  of  wa  ei 
in  the  entire  excretions,  varying  from  200  to  500  grammes  over  an 
above  that  introduced  with  the  food  and  drink.  The  quantity  of  watei, 
however,  thus  produced  in  the  body  is  small  in  comparison  with  that 
which  is  introduced  and  discharged  under  its  own  foim.  _ 

While  in  the  interior  of  the  living  body,  water  takes  part  in  the  vital 
functions  principally  by  its  physical  properties  It  is  the  mnvers 
solvent  for  all  the  ingredients  of  the  animal  fluids,  holding  them 
tion  either  by  its  direct  liquefying  power,  or  by  the  ald  °f  . . 

stances  which  are  themselves  soluble.  It  thus  enables  e 
elements  of  the  food  to  find  their  way  into  the  circulating  fluid,  and  to 
ZZZH  the  substance  of  the  solid  organs.  It  permeates  ^gan-d 
membranes  of  the  body  and  brings  into  contact  wtlheadiothei  the 
organic  and  organic  materials  of  various  parts,  and  enables  them 
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assume  new  forms  by  their  mutual  reactions.  In  this  way  it  is  subser- 
vient to  all  the  phenomena  of  absorption,  transudation,  exhalation,  and 
even  of  chemical  union  and  decomposition,  which  make  up  the  internal 

nutritive  functions  ot  the  animal  frame. 

After  forming  part  of  the  animal  solids  and  fluids,  and  playing  its 
part  in  the  vital  processes  of  the  interior,  the  water  is  again  discharged ; 
for  its  presence  in  the  body,  like  that  of  all  the  other  proximate  princi- 
ples, is  not  permanent,  but  only  temporary.  It  makes  its  exit  from  the 
body  by  four  different  passages  : namely,  in  a liquid  form  with  the  urine 
and  feces,  and  in  the  form  of  vapor  by  the  lungs  and  skin.  The  actual 
quantity  which  is  expelled  in  each  case  is  not  uniform,  but  varies  accord- 
ing to  circumstances.  Thus,  if  the  kidneys  be  unusually  active,  the 
watery  ingredients  of  the  urine  will  be  temporarily  increased  in  quantity , 
while  the  cutaneous  perspiration  will  be  diminished ; and  the  state  of 
the  atmosphere  and  the  rapidity  of  respiration  will  influence  for  the 
time  the  amount  of  watery  vapor  exhaled  by  the  lungs  and  skin.  Still 
there  is  a well-marked  average  relation  between  the  functional  activity 
of  the  various  organs  and  the  daily  quantity  of  their  excreted  fluids.  It 
appears  from  a comparison  of  the  researches  of  Lavoisier  and  Seguin, 
Valentin,  and  other  observers,  that  the  water  which  is  thus  discharged 
from  the  system  finds  its  way  out  by  these  different  routes  nearly  in  the 
following  proportions : — 

By  exhalation  from  the  lungs  .....  20  per  cent. 

By  the  cutaneous  perspiration 30  “ 

By  the  urine  and  feces 50  “ 

While  only  four  per  cent,  of  the  water  is  expelled  with  the  feces,, 
ninety-six  per  cent,  passes  out  by  the  lungs,  the  skin,  and  the  kidneys. 
It  is  evident,  therefore,  that  at  least  the  main  bulk  of  the  water- 
taken  in  with  the  food  does  not  simply  pass  through  the  alimentary 
canal,  but  is  taken  up  by  the  mucous  membranes,  enters  the  circulating- 
fluid,  and  forms  a temporary  constituent  of  the  solid  tissues  of  the 
body.  As  it  appears  in  the  secretions  it  also  brings  with  it  various 
ingredients  which  it  has  absorbed  from  the  substance  of  the  glandular 
organs;  and  when  finally  discharged  it  is  mingled  in  the  urine  and  feces 
with  salts  and  excrementitious  matters,  which  it  holds  in  solution,  and 
in  the  cutaneous  and  pulmonary  exhalations,  with  animal  vapors  and 
odoriferous  materials  of  various  kinds.  In  the  perspiration  it  also  con- 
tains mineral  sulphates  and  chlorides,  which  it  leaves  behind  on  evapo- 
ration. 

2.  Lime  Phosphate,  Ca3P.,08. 

This  substance  exists  as  an  ingredient  of  all  the  animal  solids  and 
fluids  without  exception.  So  far  as  regards  its  mass,  it  is,  next  to 
water,  the  most  important  of  the  inorganic  constituents  of  the  body,  as 
its  entire  quantity  is  far  greater  than  that  of  any  other  of  the  mineral 
salts.  For,  although  it  is  not  especially  abundant  in  the  fluids  and. 
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the  softer  tissues,  it  forms  more  than  one-half  the  substance  of  the  bones. 
It  is  estimated  by  Barral,  that  the  osseous  tissues  constitute  0.4  per 
cent,  of  the  entire  mass  of  the  body ; and  the  lime  phosphate  forms  on 
the  average  from  57  to  58  per  cent,  of  the  substance  of  the  bones.  This 
would  give,  for  a man  weighing  65  kilogrammes,  or  143  pounds  avoir- 
dupois, 2400  grammes  of  the  calcareous  salt  in  the  whole  body.  s 
proportion  in  various  tissues  and  fluids  of  the  human  system  is  as 

follows: — 


Quantity  of  Lime  Phosphate  in  1000  Parts  in  the 

Enamel  of  the  teeth  . 885  Milk 

Dentine.  ...  643  Blood  . . • 

Bones  ....  576  Bile  . • • 

Cartilages  ...  40  Urine  . 


2.72 

0.30 

0.92 

0.75 


Notwithstanding,  therefore,  the  large  quantity  of  lime  phosphate  in 
the  body  as  a whole,  it  is  evident,  from  an  inspection  of  the  piecec 
list,  that  nearly  all  of  it  is  deposited  in  the  more  solid  tissues  , "h 
is  present  in  but  slender  proportion  in  the  animal  fluids.  _ Of  these 
fluids  it  is  the  milk  alone  which  contains  lime  phosphate  m notab 
quantity,  and  here  it  is  plainly  subservient  to  the  ossification  of  th 
growing  bones  of  the  young  infant,  for  whom  the  milk  is  used  as  food. 
In  the  “circulating  fluids,  the  internal  secretions,  and  the  urine,  on  the 
hi,  the  calcareous  salt  is  in  seal,  amount.  Its 
the  body  depends  mainly  upon  its  simple  physical  propeity  of  mpait- 
Zl  Sty  to  the  solid  tissues,  rather  than  upon  its  active  qualities  m 

1 Ilia  with  other  earthy  and  alkaline 
salts,  but  preponderates  largely  over  them  in  amount.  In  the  bones 
the  quantity  ot  lime  phosphate  is  from  5 to  6 times  greater  than  that 
all  the  other  mineral  ingredients  taken  together.  . . 

In  the  bones,  teeth,  and  cartilages,  the  lime  phosphate  exists  i 
solid  form;  not,  however,  deposited  mechanically  in  the  osseous  or 
cartilaginous  substance  as  a granular  powder,  but  intimately  unite 
with  the  animal  matter  of  the  tissues,  like  coloring  matter  in  colored 
crlass  the  union  of  the  two  forming  a homogeneous  material.  It  is  not, 
!n  the  other  hand,  so  combined  with  the  animal  matter  as  to  lose  its 
■ 1 ffyr  nnrl  constitute  a dcw  chemical  substance,  as  where  hydiogen 

^ form  water;  but  rather  as  salt  unites  with 
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If 


Fig.  1. 


much  over  the  animal  matter,  and  is  present  in  greater  abundance  there 
than  in  any  other  part  of  the  frame.  In  the  dentine,  a softer  tls®ue,  lfc 
is  in  somewhat  smaller  quantity,  and  m the  bones  smaller  still , thoug 
in  the  bones  it  continues  to  form  more  than  one-half  the  entile  mass 
of  the  osseous  tissue.  The  importance  of  this  substance,  m com- 
municating to  bones  their  natural  stiffness  and  consistency,  may  be 
readily  shown  by  the  alteration  which  they  suffer  from  its  removal, 
a lono-  bone  be  macerated  in  dilute  muriatic  acid,  the 
earthy  salt,  as  already  mentioned,  is  dissolved  out, 
after  which  the  bone  loses  its  rigidity,  and  may  be 
bent  or  twisted  in  any  direction  without  breaking. 

(Fig.  1.) 

In  the  formation  of  the  bony  skeleton,  during  foetal 
life,  infancy,  and  childhood,  the  cartilaginous  sub- 
stance previously  existing  is  replaced  by  osseous 
matter,  which  contains  a larger  proportion  of  calcare- 
ous salts;  while  the  anatomical  texture  of  the  parts  is 
also  changed,  giving  rise  to  the  characteristic  forms 
of  bony  tissue.  This  progressive  consolidation  of  the 
framework  of  the  body  is  known  as  the  process  of 
“ossification.”  In  some  instances  this  process  is 
defective,  owing  to  partial  failure  in  the  poweis  of 
assimilation;  and  as  the  rigidity  of  the  skeleton,  ac- 
cordingly, does  not  increase  as  it  should  do  in  propor- 
tion to  the  weight  of  the  body  and  to  musculai  action, 
the  bones  become  gradually  bent  and  deformed,  some- 
times to  an  extraordinary  degree.  This  affection  has 
received  the  name  of  Rachitis. 

A somewhat  similar  result  is  produced  by  a morbid 
softening  of  the  bones,  which  sometimes  comes  on  in 
adult  life,  known  as  OsteomalaJcia.  In  this  disease 
the  bony  fabric,  after  its  formation,  becomes  altered 
in  texture  and  composition ; and,  the  new  substance  which  takes  its 
place  being  deficient  in  calcareous  matter,  a progressive  yielding  and 
deformity  of  the  skeleton  takes  place,  like  that  which  happens  in  cases 
of  rachitis. 

In  the  plasma  of  the  blood  the  lime  phosphate,  though  insoluble  m 
simple  alkaline  watery  liquids,  is  held  in  solution  by  its  union  with  the 
albuminous  ingredients.  It  has  been  shown  by  Fokker  that  the  eart  ly 
phosphates  added  to  white  of  egg  unite  with  the  albuminous  matter  and 
become  soluble  in  considerable  proportion.  This  explains  the  presence 
of  lime  phosphate  in  a liquid  form  both  in  the  blood  and  in  the  milk, 
both  fluids  which  have  an  alkaline  reaction.  In  the  urine,  on  the  other 
hand,  it  is  held  in  solution  by  the  presence  of  the  acid  sodium  biphos- 
phate.  Accordingly,  whenever  the  urine  is  rendered  alkaline  by  the 
addition  of  soda  or  potassa,  the  earthy  phosphates  are  precipitated  in 
the  form  of  a white  turbidity. 


Fibula  tied 
in  A knot,  after 
maceration  in  a di- 
lute acid.  (From  a 
specimen  in  the  mu- 
seum of  the  College 
of  Physicians  and 
Surgeons.) 
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The  source  of  the  lime  phosphate  of  the  animal  solids  and  fluids  is  in 
the  food.  This  substance  exists  in  nearly  every  animal  and  vegetable 
alimentary  matter  in  common  use.  It  is  found  not  only  in  muscular 
flesh,  eggs,  and  milk,  and  in  all  the  cereal  grains,  as  -wheat,  rye,  oats, 
barley,  maize,  and  rice,  but  also  in  peas  and  beans,  the  nutritive  tubers 
and  roots,  as  potatoes,  beets,  turnips,  and  carrots,  and  even  in  the 
juicy  fruits,  such  as  the  apple,  pear,  plum,  and  cherry. 

After  forming  for  a time  a constituent  part  of  the  body,  the  lime 
phosphate  is  again  discharged  with  the  excretions,  but  very  slowly  and 
in  small  amount.  According  to  the  observations  of  Neubauer  and 
Beneke  about  0.4  gramme,  on  the  average,  is  daily  expelled  with  the 
urine.  A slightly  larger  quantity  is  also  found  in  the  feces,  but  this 
may  be  only  the  residue  derived  from  the  undigested  portion  of  the  food. 
Only  traces  of  it  are  to  be  detected  in  the  perspiration.  As  so  large  a 
quantity  of  this  salt,  therefore,  is  contained  in  the  body,  while  so  small 
a proportion  is  expelled  daily  with  the  excretions,  it  is  evidently  to  be 
regarded  as  one  of  the  more  permanent  constituents  of  the  frame ; being 
comparatively  inactive  in  the  process  of  internal  metamorphosis,  and 
serving  for  the  most  part  as  a physical  ingredient  of  the  solid  tissues. 

3.  Lime  Carbonate,  CaC03. 

Lime  carbonate  is  to  be  found  in  the  bones,  the  teeth,  the  blood,  the 
lymph  and  chyle,  the  saliva,  and  sometimes  in  the  urine.  In  all  these 
situations  it  is  normally  in  much  smaller  proportion  than  the  calcaieous 
phosphate  with  which  it  is  associated.  In  the  bones,  however,  it  is  next 
in  importance  to  the  lime  phosphate,  being  on  the  average  one-seventh 
as  abundant  as  that  salt,  and  much  more  so  than  any  of  the  remaining 
mineral  ingredients.  In  the  animal  fluids  its  solubility  is  accounted  foi 
by  the  presence  of  the  alkaline  chlorides  or  by  that  of  free  carbonic  acid. 


4.  Magnesium  Phosphate,  MgHP04. 

Magnesium  phosphate  was  formerly  associated  with  the  corresponding 
lime  salt  under  the  name  of  the  earthy  phosphates,  owing  to  certain 
resemblances  in  their  chemical  relations.  Like  the  lime  phosphate,  which 
it  everywhere  accompanies,  it  is  present  in  all  the  tissues  and  fluids  ot 
the  body,  though  this  substance  is  for  the  most  part  in  the  sma  ei 
quantity  of  the  two.  Thus  in  the  bones  the  lime  phosphate  is  in  the 
proportion  of  516  parts  per  thousand,  while  the  magnesium  phosphate 
forms  only  12.5  parts.  In  the  blood  the  calcareous  salt  amounts  to  0.30 
part  per  thousand,  the  magnesium  salt  to  0.22  part ; and  in  the  nn  v 
there  are  2.12  parts  of  lime  phosphate  to  0.53  part  of  magnesium  phos- 
phate. On  the  other  hand,  the  salts  of  magnesium  have  been  found  to 
be  in  larger  quantity  than  those  of  lime  in  the  muscles,  and  nearly  twice 

as  abundant  in  the  substance  of  the  brain.  .... 

The  magnesium  phosphate  is  discharged,  by  the  urine,  m the  averag 
daily  quantity  of  0.6  gramme.  The  average  amount  of  both  the  eaithy 
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phosphates,  taken  together,  is  accordingly  about  1 gramme  per  day ; 
the  magnesian  salt  being  rather  the  more  abundant  of  the  two. 

Both  the  magnesium  phosphate  and  carbonate,  of  which  latter  salt 
traces  occur  in  the  blood,  appear  to  have  similar  physiological  relations 
with  the  corresponding  salts  of  lime,  and  almost  the  same  things  may  be 
said  in  regard  to  their  union  with  the  substance  of  the  more  solid  tissues 
and  their  mode  of  solubility  in  the  animal  fluids. 


5.  Sodium  Chloride,  NaCl. 

This  is  undoubtedly  the  most  important  of  the  mineral  constituents 
of  the  body,  so  far  as  regards  its  general  distribution  and  the  active  part 
which  it  takes  in  the  internal  phenomena  of  nutrition.  It  is  the  most 
abundant  of  all,  next  to  the  lime  phosphate,  and  it  is  universally  pre- 
sent in  all  the  animal  tissues  and  fluids.  Its  entire  quantity  in  the 
human  body  is  estimated  by  Dr.  Lankester  at  110  grammes,  oi  neaily 
one-quarter  of  a pound  avoirdupois.  In  the  blood  it  is  rather  moie 
abundant  than  all  the  other  mineral  ingredients  taken  together.  Its 
proportion  in  the  various  parts  of  the  body  is  as  follow  s . 


Quantity  of 

Bones 

Blood 

Bile 

Gastric  juice  . 
Perspiration  . 


Sodium  Chloride  in  1000  Parts  in  the 


7.02 

Saliva 

3.36 

Milk 

3.18 

Lymph  . 

1.70 

Sebaceous  matter  . 

2.23 

Urine 

1.53 

0.30 

5.00 

5.00 

5.50 


One  of  the  most  important  characters  of  this  salt  in  the  living  body 
is  undoubtedly  its  property  of  regulating  the  phenomena  of  endosmosis 
and  exosmosis,  or  the  transudation  of  nutritive  fluids  through  the  organic 
membranes.  This  property  is  shared  more  or  less  by  the  other  mineral 
ingredients  of  the  blood,  but  is  more  important  in  the  case  of  sodium 
chloride,  owing  to  its  preponderance  in  •quantity  as  compared  with  the  rest. 

Since  this  substance  is  present  in  all  parts  of  the  body,  it  is  also  an 
important  ingredient  of  the  food.  It  occurs,  of  course,  in  all  animal 
food,  as  a natural  ingredient  of  the  corresponding  tissues.  In  muscular 
flesh,  however,  it  is  very  much  less  abundant  than  potassium  chloride, 
while,  on  the  other  hand,  it  is  more  abundant  in  the  blood.  It  is  present 
also  in  various  articles  of  vegetable  food. 

According  to  Boussingault,  it  exists  in  the  following  proportions  in 
certain  vegetable  substances: — 


Proportion  of  Sodium  Chloride  in  1000  parts  in 


Potatoes 
Beets 
Turnips  . 
Cabbage 


0.43 

Oats 

0.66 

Peas 

0.28 

Beans 

0.40 

Meadow  hay 

0.11 

0.09 

0.06 

3.28 


The  relative  quantity  of  sodium  chloride  taken  in  animal  and  vegetable 
food  has  not  been  determined.  In  regard  to  the  demand  for  this  salt, 
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however,  there  is  a striking  difference  between  the  carnivorous  and 
many  herbivorous  animals.  The  carnivora  receive  a l'ully  sufficient 
supply  with  their  natural  food,  and  invariably  show  a repugnance  to 
salt  itself,  as  well  as  to  salted  meats.  On  the  other  hand,  the  horse, 
and  more  especially  the  ruminating  animals,  have  an  instinctive  desire 
for  salt,  and  greedily  devour  it,  when  offered  to  them,  in  addition  to 
that  naturally  contained  in  the  vegetable  matters  of  their  food.  It  is 
well  known  with  what  avidity  the  cattle,  sheep,  and  all  kinds  of  deer 
frequent  the  saline  springs  or  “salt  licks”  of  the  United  States;  and  it 
is  shown  by  common  experience  that  a liberal  supply  of  salt  is  important 
for  the  healthy  nutrition  and  development  of  these  animals  in  the 
domesticated  condition. 

The  same  fact  has  been  demonstrated  in  a more  exact  manner  by  the 
experiments  of  Boussiugault  on  the  ox.1  This  observer  made  a series 
of  comparative  investigations  upon  the  growth  of  two  sets  of  bullocks 
selected  from  animals  of  the  same  age  and  vigor,  and  supplied  equally 
with  an  abundance  of  ordinary  nutritious  food,  those  of  one  set,  how- 
ever, receiving  in  addition  each  84  grammes  of  salt  per  day.  At  the 
end  of  six  months  the  difference  in  the  aspect  of  the  animals  of  the  two 


sets  began  to  be  distinctly  evident,  and  became  more  marked  as  time 
went  on.  The  experiment  lasted  for  a year,  and  at  the  end  of  that  time 
both  sets  of  animals  had  on  the  average  equally  increased  in  weight , 
but  those  fed  with  ordinary  food  alone  presented  a rough  and  tangled 
hide  and  a dull,  inexcitable  disposition,  while  in  those  which  had  re- 
ceived the  additional  ration  of  salt  the  hide  was  smooth  and  glistening 
and  the  general  appearance  was  vigorous  and  animated.  While  these 
animals,  therefore,  may  subsist  for  a time  without  inconvenience  upon 
the  salt  naturally  contained  in  their  food,  an  additional  quantity  is 
required  to  maintain  the  system  in  good  condition  for  an  indefinite 
period. 

There  is  a similar  necessity  for  salt  as  an  addition  to  the  food  of  the 
human  species.  No  other  substance  is  so  universally  used  as  a condi- 
ment by  all  races  and  conditions  of  men.  This  custom  does  not  depend 
simply  on  a fancy  for  gratifying  the  palate,  but  is  based  upon  an  in- 
stinctive demand  of  the  system  for  a substance  which  is  necessary  for 
the  full  performance  of  its  functions.  Beside  its  other  properties,  it  no 
doubt  acts  in  a favorable  manner  by  exciting  the  digestive  fluids,  and 
assisting  in  this  way  the  solution  of  the  lood.  Foi  food  w hicli  is  taste 
less,  however  nutritious  it  may  be  in  other  respects,  is  taum  vi 
reluctance  and  digested  with  difficulty;  while  the  attractive  flavor  w nc 
is  developed  by  cooking,  and  by  the  addition  of  salt  and  other  condiments 
in  proper  proportion,  excites  the  secretion  of  the  saliva  and  gastric  juice, 
and  facilitates  consequently  the  whole  process  of  digestion.  The  sodniii 
chloride  is  then  taken  up  by  absorption  from  the  intestine,  and  is  de- 
posited in  various  quantities  in  different  parts  of  the  body. 


1 Cliiinie  Agricole.  Paris,  1854,  p.  251. 
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Notwithstanding  various  surmises  which  have  been  presented  from 
time  to  time  with  regard  to  its  possible  decomposition  and  the  re-com- 
bination of  its  elements  in  the  body,  we  have  no  certain  knowledge  ot 
such  changes  taking  place  in  the  sodium  chloride  while  forming  a con- 
stituent of  the  animal  frame.  It  passes  from  the  alimentary  canal  to 
the  blood,  from  the  blood  to  the  tissues,  and  is  finally  discharged  with 
the  urine,  mucus,  and  cutaneous  perspiration,  in  solution  in  the  water 
of  these  fluids.  Under  ordinary  circumstances,  by  far  the  largest  pro- 
portion passes  out  by  the  kidneys.  The  quantity  of  sodium  chloride 
thus  discharged  with  the  excretions  by  an  adult  man  is  about  15 
grammes  per  day  ;l *  of  which  13  grammes  are  contained  in  the  urine,  and 
2 grammes  in  the  perspiration.  Thus,  of  all  the  sodium  chloride  con- 
tained in  the  body7,  considerably  more  than  ten  per  cent,  passes  through 
the  system  in  twenty-four  hours.  This  fact  plainly  indicates  the  activity 
and  importance  of  this  salt  in  the  daily  internal  changes  of  nutrition. 

6.  Potassium  Chloride,  KOI. 

This  substance  is  found  in  very  many  if  not  all  of  the  animal  tissues 
and  fluids,  accompanying  the  sodium  chloride,  many  of  the  properties 
of  which  it  shares,  and  with  which  it  is  closely  related  in  its  physiological 
characters.  It  is  especially  abundant,  as  compared  with  the  sodium 
chloride,  in  the  muscles  and  in  the  milk,  less  so  in  the  blood,  the  gastric 
juice,  the  urine,  and  the  perspiration.  Both  salts  are  neutral  in  reaction, 
and  are  retained  in  the  liquid  form  in  the  blood  and  secretions  by  solution 
in  the  water  of  these  fluids.  The  potassium  chloride  is  introduced  as 
an  ingredient  of  both  animal  and  vegetable  food,  and  is  discharged  with 
the  mucus,  the  urine,  and  the  perspiration. 

7.  Sodium  and  Potassium  Phosphates,  Na2HP04  and  K2HPO.,. 

These  substances,  associated  under  the  name  of  the  alkaline  ph os- 
phates , are  of  the  greatest  importance  as  ingredients  of  the  animal  body. 
They  exist  universally  in  all  its  solids  and  fluids,  and  in  the  latter  are 
present  in  the  liquid  form  by  means  of  their  ready  solubility  in  wrater. 
No  doubt  they  are  useful  in  a variety  of  ways,  but  at  least  one  of  their 
most  important  characters  is  their  property  of  exhibiting  an  alkaline 
reaction.  This  reaction  is  essential  to  a large  number  of  the  vital  pro- 
cesses taking  place  in  the  interior,  and  is  present,  without  exception,  in 
all  the  animal  fluids  which  are  actually  contained  in  the  circulatory 
system,  or  in  the  closed  cavities  of  the  body.  An  acid  reaction,  on  the 
other  hand,  is  found  only  in  a very  few  of  the  organic  fluids  which  are 
either  employed  in  the  process  of  digestion  or  are  discharged  externally. 

The  following  list  shows  the  comparative  frequency  of  alkaline  and 
acid  reactions  in  the  animal  fluids  : — 

1 Neubauer  und  Vogel,  Analyse  des  Flams,  Wiesbaden,  1872,  p.  54.  Beneke, 

Pathologie  des  Stoffwecksels,  Berlin,  1874,  p.  322. 
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Fluids  with  an  Alkaline  Reaction.  Fluids  with  an  Acid  Reaction. 


1.  Gastric  juice. 

2.  Perspiration. 

3.  Mucus  of  the  vagina. 

4.  Urine. 


of  the  living  muscular 


1.  Blood-plasma. 

2.  Lymph. 

3.  Aqueous  humor. 

4.  Oephalo-rachidian  fluid 

5.  Pericardial  fluid. 

6.  Synovia. 

7.  Fluids  c 

tissue. 

8.  Mucus  in  general. 

9.  Milk. 

10.  Spermatic  fluid. 

11.  Tears. 

12.  Saliva. 

13.  Pancreatic  juice. 

14.  Intestinal  juice. 

If  we  take  into  account  the  carbonic  acid  exhaled  with  the  breath, 
we  see  therefore  that,  while  in  general  an  alkaline  condition  is  charac- 
teristic of  the  internal  fluids,  the  products  of  excretion,  on  the  contraiy, 

P1  Of  aVtoelnteraal  fluids  the  most  essential  is  the  plasma  of  the  blood 
since  it  affords  the  materials  of  nutrition  to  the  entire  system ; and  its 
alkaline  reaction,  which  is  distinctly  marked,  has  been  found  to  be  m- 

and  the  other  alkaline  safe, as  is  w ^ ^ ^ ^ among 

action  upon  th  is  gas.  Co  q • carbonic  acid  which  has  been 

due  in  great  measnre  to  the  alkaline 

per  thousand  parts.  A p ' . , alkaline  phosphates  and  the 

'for  different  c, asset inf  — Both  these 

the  phosphates  which  preponderate,  ,hile 
i Liquides  de  l’Orgauisinc.  Faris,  1859,  tome  i.  p.  412. 
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in  the  herbivora  the  carbouates  arc  the  more  abundant  ot  the  two.  In 
animals  fed  at  the  same  time  upon  both  animal  and  vegetable  food  the 
two  kinds  of  salts  are  found  to  be  present  in  nearly  equal  proportion, 
and  in  the  same  animal  either  the  phosphates  or  the  carbonates  may 
be  made  to  predominate  by  increasing  the  relative  quantity  of  animal 
or  vegetable  food  respectively.  This  is  readily  understood  when  we 
remember  that  muscular  flesh  and  the  animal  tissues  generally  are  com- 
paratively abundant  in  phosphates,  while  vegetable  matters,  as  we  shall 
hereafter  see,  abound  also  in  salts  of  the  organic  acids,  which  give 
rise  by  their  decomposition  in  the  system  to  carbonates  ot  the  same 
bases. 

The  alkaline  phosphates  are  taken  in  with  the  food,  as  they  exist 
widely  in  both  animal  and  vegetable  matters.  They  circulate  with  the 
animal  fluids,  and  are  finally  excreted  with  the  perspiration,  the  mucus, 
and  the  urine.  In  the  urine  a portion  of  the  alkaline  sodium  phosphate 
is  replaced  by  the  acid  sodium  biphosphate,  which  gives  to  this  fluid  its 
property  of  reddening  blue  litmus  paper,  although  it  contains  no  free 
acid.  The  manner  in  which  this  change  is  supposed  to  take  place  is  the 
following.  A nitrogenous  organic  acid  of  new  formation,  namely,  uric 
acid,  makes  its  appearance  in  the  system,  and  is  excreted  by  the  urine. 
It  exists,  however,  in  this  fluid  only  in  the  form  of  combination,  as 
sodium  urate.  It  is,  therefore,  believed  to  combine,  at  the  time  of  its 
formation,  with  a portion  of  the  sodium  which  forms  the  base  of  the 
sodium  phosphate ; and  the  remainder  of  this  salt,  converted  into  a 
biphosphate,  is  then  eliminated  by  the  urine,  which  thus  acquires  an 
acid  reaction. 

There  is  evidence  that  phosphoric  acid  is  also  generated  in  the  inte- 
rior of  the  body  by  oxidation.  A substance  to  be  described  hereafter, 
containing  phosphorus  in  the  form  of  organic  combination,  exists  in 
various  parts  of  the  system,  especially  in  the  blood  and  in  the  tissue  of 
the  brain  and  nerves,  and  is  taken  with  certain  kinds  of  food ; but  no 
such  substance  is  to  be  met  with  in  the  excretions.  In  the  fluids  dis- 
charged from  the  body  phosphorus  exists  only  in  the  form  of  the  phos- 
phatic  salts.  It  is,  therefore,  without  doubt  oxidized  in  the  internal 
transformation  of  the  oi'ganic  substances,  thus  becoming  phosphoi'ic 
acid,  which  in  turn  unites  with  the  alkaline  bases  to  form  neutral  or  acid 
phosphates.  In  this  way  a certain  portion  of  the  superabundant  acid 
is  produced,  whicli  gives  rise  to  the  acid  reaction  of  the  excreted  fluids. 

The  sodium  and  potassium  phosphates,  including  the  acid  biphosphate, 
are  dischai-ged  with  the  urine  to  the  amount  of  about  4.5  grammes  per 
day. 


8.  Sodium  and  Potassium  Carbonates,  Na,CO;,  and  K2CO.,. 

The  alkaline  carbonates,  as  mentioned  above,  are  associated  with  the 
phosphates  in  all  the  more  important  fluids  of  the  body.  They  are 
readily  soluble,  and  assist  in  producing  the  necessary  alkalescence  of 
the  blood  and  seci'etions. 
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The  alkaline  carbonates  are  partly  introduced  as  such  with  the  food, 
but  are  to  a great  extent  formed  within  the  body  by  the  decomposition 
of  other  salts  contained  in  the  substance  of  certain  limits  and  vegetables. 
Various  of  these  fruits  and  vegetables,  such  as  apples,  cherries,  grapes, 
potatoes,  carrots,  and  the  like,  contain  malates,  tartrates  , vnd  ci  rates 
of  the  alkaline  bases.  It  has,  furthermore,  been  often  observed  that 
after  the  use  of  acescent  fruits  and  vegetables  containing  the  above  salts 
the  urine  becomes  alkaline  in  reaction  from  the  presence  of  the  alkali  e 
carbonates.  Lehmann'  found,  by  experiments  upon  Ins  own  pe.son, 
that  within  thirteen  minutes  after  taking  15.5  grammes  of  sodmm  lactate 
the  urine  had  an  alkaline  reaction.  He  also  observed  that  if  ^solution 
of  this  substance  were  injected  into  the  jugular  vein  o a i c og,  . 

became  alkaline  at  the  end  of  five,  or,  at  the  latest,  of  * 

The  conversion  of  these  salts  into  carbonates  takes  place,  therefore  o 
in  the  intestine,  but  in  the  blood.  The  same  observer  found  that  m 
many  persons  living  on  a mixed  diet,  the  urine  became  alkaline  m 

or  three  hours  after  swallowing  0.65  gramme  of  HvkW  with  the 
The  organic  acid  in  these  cases  is  decomposed  am 
production  of  carbonic  acid  and  water;  and  the  onffna  sa  . 
replaced  by  the  alkaline  carbonates,  which  appear  in  the  mine  and 
porarily  modify  its  reaction  in  the  manner  above  described 

A preponderance  of  vegetable  food,  according  y,  m ue“  _ he  reac_ 
tity  of  the  alkaline  carbonates  in  the  system,  and  consecjl  ■ . 

tion  of  the  excretions.  As  a rule,  the  urine  of  man  and  of  the  cairn 
rouB  animals  is  clear  and  acid,  while  that  of  the  herbivora  is  a^ka  me 
and  turbid  with  calcareous  deposits.  This  turbid  and  ^kalrne  u 
will  often  effervesce  with  acids,  showing  the  presence  of  carbonates  m 
considerable  quantity.  Bernard  has  shown  that  this  difference  depends 
n of  the  -tad.  anti  ‘"“f  ^“"e Z 
and  herbivorous  animals  under  ordinary  condemns  the urme  is resp 
tively  acid  and  alkaline,  if  they  be  both  deprived  of  food  fo>  a few  days 
the  urine  becomes  acid  in  both,  since  they  aie  en,  1 urine  ;g 
living  upon  their  own  tissues.  Furthermore,  a rabbi  , 
turbid  and  alkaline  while  feeding  on  fresh  vegetables  if  jep  upon  a 
of  animal  food,  soon  produces  an  excretion  which  rs  ^ Jhe 

reverse  effect  is  produced  upon  a dog  by  changing  h s ood  f xomje 
to  vegetable  matters.  Finally,  it  is  also  shown*  that  ^ mine  of  the 
young  calf  while  living  on  the  milk  of  the  mother  is 
after  the  animal  has  been  weaned  and  feeds  upon  vegetable  matter, 
urine  becomes  alkaline  and  turbid,  like  that  of  the  adult  amma  . 

9.  Sodium  and  Potassium  Sulphates,  SO, No,  oml  sO.K,. 

boiy,\X“’,:d  •:  srr  of  r 
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blood,  the  lymph,  the  aqueous  humor,  milk,  saliva,  mucus,  the  perspira- 
tion, and  the  urine.  They  are  usually,  however,  in  small  quantity,  as 
compared  with  other  saline  matters.  In  the  blood  and  the  lymph,  t icy 
are  much  less  abundant  than  either  the  chlorides,  phosphates,  or  car- 
bonates. In  the  milk  and  the  saliva,  there  is  hardly  more  than  a trace 
of  them;  and  they  have  not  been  found  at  all  in  the  bones,  the  gastric 
juice,  the  bile,  or  the  pancreatic  juice.  They  are  most  abundant  m the 
urine,  where  they  amount  to  rather  more  than  one-half  the  quantity  of  the 
phosphates,  and  they  are  found  also,  in  small  proportion,  in  the  feces. 

The  sulphates  are  introduced  into  the  body,  to  some  extent,  with  t e 
food  and  drink.  They  are  to  be  found,  in  minute  quantity , in  muscu  ar 
flesh  and  in  the  yolk  of  egg.  They  exist  also  in  certain  vegetable  pro- 
ducts, such  as  the  cereal  grains,  fruits,  and  tuberous  roots,  where  they  aie 
much  less  abundant  than  the  phosphates,  though  often  more  so  than  the 
chlorides.  Spring  and  river  water,  as  used  for  drink,  usually  contains 
sulphates,  including  sulphate  of  lime,  varying  in  amount,  according  o 
the  tables  given  by  Payen,'  from  .003  to  .06  per  thousand  parts.  n 
the  water  of  the  Croton  River,  with  which  the  city  of  New  York  is  sup- 
plied, they  amount,  as  shown  by  the  analyses  of  Prof.  Chandlei,  o a 

little  more  than  .001  per  thousand  parts. 

Beside  the  sulphates,  however,  introduced  with  the  food  and  drink,  a 
certain  amount  of  sulphuric  acid  originates  within  the  body  by  oxida- 
tion, in  a mode  analogous  to  that  already  described  for  phosphoric  acid 
The  albuminous  substances,  which  form  so  important  a part  of  the  solid 
food,  contain  sulphur  as  one  of  their  constituent  elements,  and  a con- 
siderable quantity  of  this  substance  is  accordingly  introduced  daily  into 
the  system  in  the  form  of  organic  combination.  The  entire  quantity  of 
sulphur,  thus  forming  part  of  the  organic  matters  of  the  body  of  a man 
of  medium  size,  amounts,  according  to  Payen/  to  about  110  grammes  ; 
and  at  least  1 gramme  must  be  taken  daily  with  the  albuminous  ingie- 
dients  of  the  food.  A portion  of  these  substances  is  expelled  by  the 
daily  exfoliation  of  the  hair,  nails,  and  epidermis ; but  no  such  sul- 
phurous organic  compound  is  discharged  by  the  urine  and  feces  except 
in  insignificant  quantity.  On  the  other  hand,  the  sulphates  are  compar- 
atively abundant  in  the  excretions.  While  they  are  to  be  found  in  the 
blood  only  in  the  proportion  of  0.28  per  thousand,  they  exist  in  t e 
urine  in  the  proportion  of  from  3.00  to  1.00  parts  per  thousand,1 2 3 4  and  are 
discharged  by  this  channel  to  the  amount  of  about  4 grammes  per  day. 

These  facts  indicate  that  a notable  quantity  of  sulphuric  acid  is  con- 
stantly formed  in  the  body,  during  the  decomposition  of  albuminous 
matters,  by  oxidation  of  their  sulphur.  This  is  confirmed  by  the  fact 
that  the  quantity  of  sulphuric  acid  in  the  sulphates  eliminated  by  the 
kidneys  is  perceptibly  increased  by  the  use  of  a flesh  diet,  and  also  by 

1 Substances  Alimentaires.  Paris,  1865,  p.  436. 

2 Lecture  on  Water.  Transactions  of  the  American  Institute  for  18/0-71. 

3 Substances  Alimentaires.  Paris,  1865,  p.  68. 

4 Robin,  Leqons  sur  les  Humeurs.  Paris,  1874,  p.  770. 
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the  administration  of  sulphur  or  a sulphuret.1  Dr.  Parkes  estimates 
the  quantity  of  sulphuric  acid  thus  produced  in  the  system  as  about 
double  that  taken  in  the  form  of  sulphates  with  the  food  and  drink.  It 
unites  at  once  with  the  alkaline  bases,  displacing  the  weaker  acids  with 
which  they  were  previously  combined,  and  thus  contributes  mdirec  y 
to  the  general  acid  reaction  ol  the  excreted  fluids. 

The  foregoing  substances  constitute  the  most  important  of  the  in- 
organic proximate  principles  of  the  animal  body.  They  are  distin- 
guished, as  a class,  by  their  comparatively  simple  chemical  composition, 
by  their  external  origin,  and  by  the  part  which  they  take  m the  constitu- 
tion and  nourishment  of  the  animal  frame  They  are  cenvec 
most  part  from  without,  being  taken  directly  from  the  materials  of  he 
inorganic  world.  There  are  some  exceptions  to  this  rule;  as  m 
case  of  the  alkaline  carbonates  formed  in  the  body  by  decomposition  of 
the  salts  of  the  vegetable  acids;  and  of  the  sodium  biphosphate  pro- 
duced from  the  neutral  phosphate,  by  the  action  of  an  organic  acid  of 
internal  origin.  The  greater  part,  however,  of  the  proximate  pnncip 
belonging  to  this  class  are  introduced  with  the  food  and  taken  up 
by  the  animal  tissues  and  fluids,  in  the  form  under  which  they  exist 
in  external  nature.  The  lime  carbonate  of  the  bones,  for  example,  anc 
the  sodium  chloride  of  the  blood  and  the  tissues,  are  the  same  sub- 
stances as  those  met  with  in  calcareous  rocks,  or  m solution  m sea 

^nTthe  process  of  internal  nutrition  they  are  also  exempt,  as  a general 
rule  fram  ly  marked  chemical  changes.  Some  of  them,  such  as  the 
lime’  and  magnesium  phosphates,  are  mostly  deposited  m the  solid  parts 
and  are  renewed  very  slowly,  contributing  principally  to  the  physical 
properties  of  the  tissues,  and  taking  a comparatively  small  share  m the 
actions  of  repair  and  waste.  Others,  such  as  water  and  the  alkaline 
chlorides,  are  introduced  and  discharged  daily  m considerable  abunc  - 
’ . .qi  through  the  system,  and  playing  an  impoitant 

partfa^epl  of  eolation  and  transudation.  Others  still,  such 

Tt  l “a  kll  ne  phosphates  and  sulphates,  are  partly  formed  in  the  body 
Ty  tire  process  of  oxidation,  and  appear  in  the  urrne  as  a residue  from 

the  decoinpositim^of^ther  pin^imate  pnnorple^  ^ t,|e 

Principally,  howevei,  the  morg  ^ d osited,  and  discharged 

• blood  from  the  tissues  m importance  of  this  character  will 

unchanged  with  the  are  the  relations 

become  fully  manifest  . . y other  groups.  The  inorganic 

exhibited  by  the  proximate  P‘  ,1,cllJ  Lrticipate  directly  in  the  chemical 
substances  do  not, for  the  ^‘^‘"crvc  by  Lir  presence  to 
changes  going  on  in  t Y > ^ in  the  other  ingredients  of  the 

. Neubauer  «ud  Vogel,  Analyse  to  Hams.  Wiesbaden,  1872,  pp.  358,  35,. 
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The  proximate  principles  belonging  to  this  class  are  distinguished 
from  the  preceding  by  their  organic  origin.  They  appear  as  products 
of  the  nutritive  actions  of  organized  beings,  and  are  not  introduced 
ready  formed  from  the  inorganic  world.  They  exist  both  in  vegetables 
and  in  animals.  In  the  former  they  are  produced  entirely  as  new  com- 
binations, under  the  influence  of  the  vegetative  process  ; and  even  in 
animals,  which  feed  upon  vegetables  or  upon  other  animals,  they  are  so 
modified  by  digestion  and  assimilation  that  they  present  themselves,  as 
final  constituents  of  the  body,  under  new  and  specific  forms.  .They  all 
consist  of  carbon,  hydrogen,  and  oxygen,  of  which  carbon  is  present  by 
weight  in  especially  large  proportion,  forming  from  44  to  84  per  cent, 
of  the  entire  substance.  Owing  to  the  absence  of  nitrogen,  which  is  an 
important  element  in  organic  substances  of  the  following  class,  they  are 
sometimes  known  as  the  “non-nitrogenous”  proximate  principles.  They 
are  naturally  divided  into  two  principal  groups,  namely : the  carbo- 
hydrates, or  substances  containing  carbon,  together  with  hydrogen  and 
oxygen  in  the  proportions  to  form  water ; and  the  fatty  matters , in 
which  the  proportions  of  carbon  and  hydrogen  are  both  increased,  while 
that  of  oxygen  is  considerably  diminished.  The  group  of  the  carbo- 
hydrates includes  starch,  glycogen,  and  sugai’. 

I.  Starch,  C6H10O5. 

Starch  is  most  abundantly  diffused  throughout  the  vegetable  kingdom, 
and  exists,  for  at  least  a certain  period  of  vegetative  life,  in  every  plant 
which  has  yet  been  examined  for  it.  It  occurs  especially  in  seeds,  in 
the  cotyledons  of  the  young  plant,  in  roots,  tubers,  and  bulbs,  in  the 
pith  of  stems,  and  sometimes  in  the  bark.  It  is  very  abundant  in  corn, 
wheat,  rye,  oats,  and  rice,  in  the  parenchyma  of  the  potato,  in  peas  and 
beans,  and  in  most  vegetable  substances  used  as  food.  It  constitutes 
almost  entirely  the  different  preparations  known  as  sago,  tapioca,  arrow- 
root, and  maizena,  which  are  nothing  more  than  varieties  of  starch, 
extracted  from  different  species  of  plants. 

The  following  list,  compiled  mainly  from  the  tables  of  Payen,1  shows 
the  percentage  of  starch  occurring  in  various  kinds  of  food  : — 
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1 Substances  Alimentaires.  Paris,  1865. 
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Wheat  . 
Rye 
Oats 
Barley  . 
Indian  corn 
Rice 


Quantity  op  Starch  in  100  Parts  in 


57.88 

Potatoes 

G4.65 

Sweet  potatoes 

60.59 

Peas 

66.43 

Beans  . 

67.55 

Flaxseed 

88.65 

Chocolate  nut 

20.00 

1G.05 

37.30 

33.00 
23.40 

11.00 


When  purified  from  foreign  substances  starch  is  a white,  glistening 
powder,  which  gives  rise  to  a peculiar  crackling  sensation  if  rubbed 
between  the  fingers.  It  consists  of  minute  granules  of  very  firm  con- 
sistency and  definite  shape,  presenting  certain  peculiarities,  of  both  oi 
and  size,  by  which  its  varieties,  derived  from  different  sources,  may  >c 
distinguished  from  each  other.  The  young  starch  granules,  when  first 
produced  in  the  tissues  of  the  plant,  are  exceedingly  small,  round  and 
perfectly  homogeneous  ; but  they  afterward  increase  in  size  and,  as  then 
growth  is  irregular,  they  become  ovoid,  pear-shaped,  lenticulai  or 
polygonal  in  form.  They  also  show  under  the  microscope  a definite 
structure,  each  granule  being  composed  of  a series  of  layers,  dispos 
one  over  the  other,  giving  rise  to  the  appearance  of  concentric  markings 
which  are  very  characteristic  of  most  varieties  of  starch  giains,  aftei 
they  have  attained  a certain  size.  The  markings  are  arranged  round  a 
single  point,  usually  more  or  less  eccentric  in  position,  which  is  callec 

^ Vim 'successive  layers  of  which  the  starch  granule  is  composed  differ 
from  each  other  mainly  in  their  consistency,  being  alternately  hardei 

and  softer  in  comparison  with 
each  other;  and  this  difference 
in  density  produces  a corres- 
ponding difference  in  the  refrac- 
tive power  of  the  layers,  and 
consequently  an  appearance  of 
concentric  striation. 

Each  starch  granule,  further- 
more, consists  of  two  sub- 
stances, intimately  mingled  in 
every  part  of  its  mass,  which  re- 
semble each  other  completely  in 
chemical  com  position , but  diffei 
greatly  in  solubility.  These 
two  substances  are,  1st,  granu- 
Zose,  which  may  be  extracted 
from  the  starch  grain  by  boil- 
ing water  ; and  2d,  cellulose , 

which  remains  unsolved.  The  gr. consttencytt” 
" *"*■" of  tho  sttroh  grain’ 


Fig.  2. 


STARCH. 
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Starch  Grains  of  Bermuda  Arrow- 
root. 


after  extraction  of  the  granulose,  though  it  may  be  reduced  to  five  or 
six  per  cent,  of  its  original  weight. 

The  starch  grains  of  the  potato  (Fig.  2)  vary  considerably  in  size. 
The  smallest  have  a diameter  of  2.5  mmm.,1  the  largest  62.5  mmm. 
They  are  irregularly  pear-shaped 

in  form,  and  their  concentric  Fig.  3. 

markings  are  very  distinct.  The 
starch  obtained  from  the  potato, 
however  carefully  prepared,  re- 
tains in  connection  with  it  traces 
of  an  odoriferous  principle  which 
makes  it  less  valuable  for  culi- 
nary purposes  than  many  other 
varieties. 

The  starch  granules  of  arrow- 
root  (Fig.  3)  are  generally 
smaller  and  more  uniform  in 
size,  than  those  of  the  potato. 

They  vary  from  12.5  mmm.  to 
50  mmm.  in  diameter.  They  are 
elongated  and  cylindrical  in 
form,  and  the  concentric  mark- 
ings are  less  distinct  than  in  the  preceding  variety.  The  hilum  has  here 
sometimes  the  form  of  a circular  pore,  and  sometimes  that  of  a trans- 
verse fissure  or  slit. 

The  grains  of  wheat  starch  Fig.  4. 

(Fig.  4)  are  still  smaller  than 
those  of  arrowroot.  They  vary 
from  2.5  mmm.  to  35  mmm. 
in  diameter.  The}-  are  nearly 
circular  in  form,  with  a round 
or  transverse  hilum,  but  with- 
out any  distinct  appearance  of 
lamination.  Many  of  them  are 
flattened  or  compressed  later- 
ally, so  that  they  present  a 
broad  surface  in  one  position, 
and  a narrow  edge  when  viewed 
in  the  opposite  direction. 

The  starch  grains  of  Indian 

coin  (Fig.  5)  aie  of  nearly  the  starch  Grains  of  Wheat  Flour. 
same  size  with  those  of  wheat 

flour.  They  are  somewhat  more  irregular  and  angular  in  shape ; and 


1 The  sign  mnun.  stands  for  micro-millimetre  ; that  is,  the  one-thousandth  part 
of  a millimetre.  A millimetre  is  very  nearly  equivalent  to  one  twenty-fifth  of  an 
inch;  and  a micro-millimetre,  accordingly,  is  about  jsJtni  °f  an  inch- 
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are  often  marked  with  crossed  or  radiating  lines,  as  it  Irom  partial 

fraStarch  derived  from  all  these  different  sources  has  essentially  the 
same  chemical  composition,  and  may  be  recognized  by  the  same  tests 

It  is  insoluble  in  cold  water,  but 


Fig.  5. 


if  it  be  treated  with  about 
twenty  times  its  weight  of  boil- 
ing water  its  granules  swell, 
become  gelatinous  and  amor- 
phous, combine  with  a certain 
proportion  of  water,  and  fuse 
into  a thick  opaline  liquid,  which 
is  thinner  or  thicker  according 
to  the  quantity  of  water  present. 
After  that  they  cannot  be  made 
to  resume  their  original  form, 
but  on  cooling  they  solidify  into 
a nearly  homogeneous  paste, 
retaining  the  water  in  union  with 
the  starchy  matter.  The  starch 
is  then  said  to  be  amorphous  or 
“hydrated.”  By  this  process 

it  is  not  essentially  altered  in  its  chemical  properties,  but  only  m 
its  physical  condition.  If  starch  be  treated  with  100  or  150  parts  o 
boiling  water,  it  makes  an  opaline  liquid  which  does  not  gelatinize ; u 
on  standing,  the  imperfectly  liquefied  portions,  containing  the  insoluble 
cellulose,  subside  to  the  bottom  as  a turbid  deposit,  while  the  so  u e 
starch  remains  above,  forming  a clear,  colorless,  and  perfectly  fluid  solu- 
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Starch  is  especially  distinguished  by  its  property  of  striking  a blue 
color  by  contact  with  iodine.  This  reaction  will  take  place  even  when 
the  starch  is  in  the  raw  condition,  and  starch  granules  may  be  readily 
recognized  under  the  microscope  by  this  means.  It  is  still  more  prompt 
when  the  starch  is  hydrated  and  especially  when  it  is  in  solution 
Avery  minute  quantity  of  tincture  of  iodine  added  to  a solution  of 
starch  will  cause  the  whole  to  assume  at  once  a very  deep  and  lie  i 
color,  which  may  be  largely  diluted  without  losing  its 
tinge.  The  mixture  of  the  two  substances,  however,  must,  m the  first 
place  be  made  at  a moderate  temperature.  If  the  solution  be  hot  no 
visible  reaction  will  occur ; and  even  after  it  has  taken  place  if  heat  e 
applied  the  blue  color  will  disappear,  to  return  again  after  cooling  down 
tortile  original  temperature.  Secondly,  the  iodine  must  be  in  a i 
? T Tfft  be  used  in  the  form  of  a soluble  iodide,  it  will  produce 
Pffect  since  the  starch  has  not  sufficient  affinity  for  it  to  withdraw 

it  from tts  union  with  other  matters.  No  third  substance,  furthermore, 
it  fiotn  its  union  which  WOuld  be  capable  of  combining 

Sand  thus 'preventing  its  action  upon  the  starch.  All  the 
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animal  fluids  more  especially,  such  as  the  serum  of  blood,  saliva,  mucus, 
urine,  contain  ingredients  which  prevent  the  reaction  ot  starch  with 
iodine  and  may  even  dissipate  the  blue  color  after  it  lias  been  once  pro- 
duced.’ ' These  substances,  therefore,  must  be  removed  from  the  fluid 
before  the  application  of  the  test,  or  else  the  iodine  must  be  added  in 
sufficient  excess  to  allow  a surplus  for  action  upon  the  starch.  With 
these  precautions  it  forms  a striking  and  valuable  test. 

Starch  has  the  property  of  being  changed,  under  certain  conditions, 

into  two  other  substances.  . , 

1.  If  subjected  to  torrefaction,  that  is,  a dry  heat  of  about  -10  (about 
400°  F.),  it  is  converted  into  Dextrine , a gummy  substance  freely  solu- 
ble in  water,  so  called  from  tlie  fact  that  in  solution  it  rotates  the  plane 
of  the  polarized  ray  toward  the  right.1  Dextrine  has  the  same  chemical 
composition  with  starch,  namely  C6H10O5,  but  its  properties  are  changed,  . 
and  it  will  no  longer  produce  a blue  color  with  iodine.  The  same 
transformation  is  very  quickly  accomplished  by  boiling  starch  with  a 
dilute  acid ; the  opaline  and  gelatinous  solution  becoming  in  a few 
minutes  clear  and  liquid,  and  losing  at  the  same  time  its  power  of 
reaction  with  iodine.  Finally,  in  the  germination  of  starchy  seeds, 
like  the  cereal  grains,  a nitrogenous  substance  is  produced  termed 

“ diastase and  this  has  the  power,  when  supplied  with  moisture  at  a 
moderate  temperature,  of  effecting  the  transformation  of  the  starch  into 
soluble  dextrine. 

2.  Starch  may  be  converted  into  Sugar.  When  a starch  solution  oi 
a thin  starch  paste  is  boiled  with  a dilute  acid,  it  is  rapidly  changed, 
as  already  mentioned,  into  dextrine.  If  the  boiling  be  continued  foi 
several  hours  it  is  still  further  transformed  into  sugar  ; and  at  last  the 
whole  of  it  passes  over  into  the  saccharine  condition.  This  also  hap- 
pens in  the  process  of  germination  and  growth  in  plants,  where  sugar 
makes  its  appearance  under  influence  of  the  diastase,  and  at  the  expense 
of  the  starch,  as  soon  as  moisture  and  warmth  are  supplied  in  the 
requisite  degree.  This  is  the  usual  source  of  sugar  in  vegetable 

! A ray  of  light  which  has  passed  through  certain  crystalline  bodies,  such  as  a 
“ Nicol’s  prism”  of  Iceland  spar,  is  found  to  b g polarized  j that  is,  it  has  acquiied' 
opposite  and  complementary  properties  in  two  different  directions.  For  if  it  be 
received  by  a second  similar  prism,  which  is  equally  transparent  in  all  positions 
to  ordinary  light,  the  polarized  ray  will  pass  through  it  only  when  the  prin- 
cipal section  of  the  second  prism  is  parallel  with  that  of  the  first ; but  when  the 
second  prism  is  turned  round  900,  the  light  is  entirely  arrested.  Now  if  certain 
organic  substances  in  solution  be  placed  between  the  two  prisms,  it  is  found  that 
they  have  the  effect  of  changing  the  angle  at  which  the  second  prism  must  stand 
in  order  to  arrest  or  transmit  the  light  from  the  first.  In  otker  words,  the  plane 
of  polsyization  of  the  polarized  ray  has  been  deviated  or  rotated  by  passing 
through  the  organic  liquid.  Some  substances  deviate  in  this  way  the  plane  of 
polarization  toward  the  right,  others  toward  the  left.  The  specific  rotatory 
power  of  each  is  estimated  for  a solution  of  standard  strength  and  quantity,  for 
yellow  light,  and  is  indicated  in  degrees  of  the  circle.  The  specific  rotatory  power 
of  dextrine  is  118°. 
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juices,  the  starch  previously  stored  up  being  at  some  period  of  giowth 
changed  into  sugar  by  the  molecular  actions  going  on  in  the  vegetable 
fabric.  Finally,  various  nitrogenous  animal  substances  produce  the 
same  effect.  The  contact  of  human  saliva  or  the  intestinal  juices  at  a 
temperature  of  31.5°  (100°  F.)  rapidly  transforms  hydrated  starch  into 

sugar.  . 

A special  interest  attaches  to  starch  from  the  fact  that  it  is  the  first 

organic  substance  produced,  in  the  process  of  vegetation,  from  inor- 
ganic materials.  The  animal  body  is  incapable  of  forming  organic 
matter,  and  must  therefore  be  supplied  with  these  substances  in  the 
food.  But  vegetables  have  the  power  of  combining  inorganic  ele- 
ments in  such  a way  as  to  produce  a new  class  of  bodies,  peculiar  to 
the  organic  world,  and  capable  of  serving  for  the  nutrition  of  animals. 
This  is  shown  by  numerous  experiments,  in  which  seeds  oi  } oung 
plants,  artificially  cultivated  in  a soil  of  clean  sand,  and  moistened  only 
with  solutions  of  various  mineral  salts,1  have  germinated,  grown,  an 
fructified,  increasing,  many  times  over,  the  quantity  of  oiganic  matena 

which  they  contained  at  the  beginning. 

This  production  of  organic  matter  takes  place  in  the  green  tissues, 
principally  in  the  leaves,  of  growing  plants,  under  the  influence  o 
the  solar  light;  and  the  first  substance  which  makes  its  appearance 
under  these  conditions  is  nearly  always  starch.  It  is  produced  fiom 
two  inorganic  matters  absorbed  from  without,  namely,  carbonic  acic 
and  water,  which  are  deoxidized  by  the  green  vegetable  tissues,  their 
elements  being  re-combined,  to  form  a carbo-hydrate.  This  is  pro  e 
by  the  fact  that  oxygen  is  exhaled,  during  the  vegetative  Process’  ' 
the  same  or  nearly  the  same  proportion  as  that  m which  it  exis 
originally  in  the  carbonic  acid;  and  the  new  substance  produced  eon- 
tains  hydrogen  and  oxygen  in  the  relative  proportions  to  form  watei. 
The  p/oduction  of  starch  in  growing  vegetables  is  therefore  repre- 
sented by  the  following  formula 

Carbonic  acid.  Water.  ®tralrct'; 

(C6012  + H10O6)  — Ou  = CcHI0O5. 

The  starch  thus  formed  in  the  leaves  of  plants  is  afterward  trans- 
formed into  other  vegetable  substances  belonging  to  the  gioup  of  the 
carbo-hydrates,  such  as  dextrine,  sugar,  and  cellulose,  and  used  foi  e 
further  nutrition  of  the  plant.  When  abundantly  deposited  m special 
oro  ans  such  as  the  starchy  seeds  of  wheat  or  Indian  corn,  or  the  tubeis 
ofthe  potato,  it  constitutes  a reserve  material  of  nutrition,  to  be  after- 
ward dissolved  and  employed  for  the  purposes  of  germination  ^d 
, nwtl  It  is  from  such  natural  deposits  of  reserve,  m the  vegetable 
fabric,  that  starch  is  obtained  in  quantity  to  serve  as  food  for  amnia  s 

or  man. 


Mayer,  Lel.rb.cU  dec  Agrik.ltur.Chemie.  Heidelberg.  1871,  Band  i. 
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When  taken  into  the  alimentary  canal,  starch  is  rapidly  transformed 
into  sugar  by  the  action  of  the  digestive  fluids ; and  in  this  form  is 
absorbed  into  the  circulation. 

II.  Glycogen,  C6H10O5. 

This  is  an  amylaceous  substance  of  animal  origin,  corresponding  in 
character  with  starch  derived  from  the  vegetable  world.  It  is  found  in 
the  livers  of  all  vertebrate  animals  in  the  healthy  condition,  and  in  the 
muscles  and  integument  of  the  embryo  of  mammalia  at  an  early  period 
of  development.  It  has  also  been  discovered  in  the  oyster  and  the 
cockle-shell.  Glycogen,  so  called  from  its  property  of  producing  sugar 
or  glucose,  has  the  same  chemical  composition  as  starch,  and  agrees 
with  it  in  all  its  essential  characters,  except  that  it  is  readily  soluble 
in  water,  and,  when  treated  with  iodine,  yields  a violet-red  instead  of 
a blue  color.  Its  watery  solution  is  opalescent,  and  deviates  the  plane 
of  polarization  strongly  to  the  right,  its  specific  power  of  rotation  for 
yellow  light  being  about  130°.  By  boiling  with  a dilute  acid  it  is 
changed  first  into  dextrine  and  afterward  into  sugar.  It  also  under- 
goes the  saccharine  transformation  when  in  solution  at  the  temperature 
of  the  living  body  by  contact  with  saliva,  the  intestinal  juices,  the  sub- 
stance of  the  liver,  or  the  serum  of  the  blood.  It  is  the  source  of  the 
sugar  produced  in  the  animal  body,  as  starch  is  the  source  of  that 
formed  in  vegetables. 

Both  starch  and  glycogen,  accordingly,  are  to  be  regarded  as  tempo- 
rary products,  destined  to  undergo  further  transformation  before  being 
used  for  the  purposes  of  nutrition.  In  vegetables,  the  starch  which 
is  abundantly  stored  up  at  one  period  in  the  cellular  tissues  is  after- 
ward liquefied  and  altered'  into  other  substances ; and  although  it 
enters  so  largely  into  the  composition  of  the  vegetable  food  of  ani- 
mals, it  .is  converted  into  sugar  during  digestion  in  the  alimentary 
canal. 

III.  Sugar. 

The  proximate  principles  designated  under  this  name  include  a va- 
riety of  substances  which  have  certain  well-marked  characters,  and  are 
of  frequent  occurrence  in  both  animal  and  vegetable  juices.  They  are 
crystallizable  and  soluble  in  water,  and  have,  when  in  solution,  a 
distinctly  sweet  taste,  which,  in  some  varieties,  is  very  highly  de- 
veloped. They  are  all  decomposed  by  being  heated  with  sulphuric 
acid ; their  hydrogen  and  oxygen  being  driven  off,  while  the  carbon 
remains  behind  as  a jet-black  deposit.  In  this  condition  they  are  said 
to  be  carbonized.  The  proportions  in  which  they  occur  in  various  arti- 
cles of  food,  according  to  the  tables  of  Payen,  Yon  Bibra,  and  a few 
other  observers,  are  as  follows : — 
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. 18.12 

Wheat  flour  . 

. 2.33 

. 16.48 

Bye  flour 

. 3.46 

. 1L.61 

Barley  meal  . 

. 3.04 

. 11.52 

Oat  meal 

. 2.19 

. 18.00 

Indian  corn  meal  . 

. 3.71 

. 10.20 

Cow’s  milk  . 

. 5.20 

. 8.00 

Goat’s  milk  . 

. 5.80 

. 4.50 

Beefs  liver  . 

. 1.79 

Quantity  of  Sugar  in  100  parts  in 

Cherries 
Apricots 
Peaches 
Pears  . 

Juices  of  sugar-cane 
Sweet  potatoes 
Beet  roots 
Parsnips 

The  three  principal  varieties  of  this  substance  which  are  most  impor- 
tant in  a physiological  point  of  view  are  glucose,  cane  sugar,  and  mi 

sugar. 

Glucose,  0GH120e. 

Glucose,  also  called  grape  sugar  from  its  abundance  in  the  juices  of 
the  ripe  grape,  may  be  considered  as  the  most  marked  and  representa- 
tive variety  of  the  saccharine  substances.  It  occurs  more  frequently 
than  any  other  in  the  animal  fluids,  being  found  in  the  juices  of  the 
liver,  in  the  chyle,  the  blood,  and  the  lymph.  In  diabetes  it  is  abund- 
antly excreted  with  the  urine.  It  is  also  found  in  the  juices  of  many 
plants,  in  various  “sweet  fruits,  and  in  honey,  where  it  rs  associated  w h 
certain  other  varieties.  It  is  freely  soluble  in  water.  Its  solution  has 
a moderately  sweet  taste,  and  deviates  the  plane  of  polarization  toward 

‘1  j^form  of  sugar  which  is  produced  from  starch  by  boiling  with 
dilute  acids,  by  the  action  of  the  digestive  fluids  of  the  alimentary  canal, 
and  in  the  plant  during  the  process  of  vegetation.  The  change  consist 
in  the  assumption  by  starch  of  the  elements  of  water  m due  Proportion 
the  new  substance  thus  produced  being  still  a carbo-hydrate  The 
transformation  of  starch  into  glucose  is  therefore  represented 

follows:—  starch.  Wflter.  Glucose. 

C6H10O5  -+-  H.,0  = CcH1206. 

Glucose  may  be  recognized  in  solution  by  various  well-marked  tests. 
First  the  action  of  alkalies  at  a boiling  temperature.  If  a solution  ot 
glucose  be  treated  with  a solution  of  potassium  hydrate  and  heat  applied, 
the  sugar  is  decomposed  and  the  liquid  assumes,  first,  a yellowish  and 
then  agbrown  color,  which  becomes  deeper  in  proportion  to  the  amoun 

of  glucose  and  alkali  existing are' discolored 

it  wiU  serve  to  distinguish 

de"on  its  power 

alkaline  solution.  This  tes  , w p quantity  of  copper 

si" Sh~ed  to  the  suspected  Uguid,  aud  the 
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mixture  then  rendered  distinctly  alkaline  by  the  addition  of  potass  um 
hydrate  The  whole  solution  then  takes  a deep-blue  color.  On  boiling 
the  mixture  if  sugar  be  present,  the  copper  suboxide  is  thrown  down  as 
the  nnxtu  , 6 orange-colored  deposit;  otherwise  no  change 

of  eolor  takes  place,  'in  this  reaction  the  sugar,  which  is  oxidized  at  a 
high  temperature  under  the  influence  of  the  alkali,  takes  a portion  o 
Sfoxygen  from  the  copper  in  the  copper  salt,  and  thus  reduces  it  to 

thp  form  of  an  insoluble  suboxide. 

Some  precautions  are  necessary  in  the  use  of  this  test  As  a general 
rule  only  a small  quantity  of  the  copper  sulphate  should  be  added 
the  liquid  under  examination,  just  sufficient  to  give  to  the  whole .a  dis- 
tinct blue  tirnrn  after  the  addition  of  the  alkali.  If  the  copper  salt  be 
uTed  l excess,  the  sugat  in  solution  may  not  be  £ 

whole  of  it ; and  that  which  remains  as  a blue  sulphate  ^ 

yellow  color  of  that  which  is  thrown  down  as  a deposit  This  1 
culty  may  be  removed  by  due  care  in  the  proportion  of  the  g 

Furthermore,  there  are  some  albuminous  substances  which  have  the 
power  of  interfering  with  Trommer’s  test,  and  prevent  the  ruction  of 
the  copper  even  when  sugar  is  present.  Certain  animal  matters,  to  be 
more  particularly  described  hereafter,  which  are  liable  to  be  held  m solu- 
tion in  the  gastric  juice  and  in  the  blood,  have  this  effect. 

The  ordinary  ingredients  of  the  urine  also  interfere  with  the  comp 
reaction  of  Trommer’s  test,  by  holding  the  copper  oxide  m solution,  so 
that  no  precipitate  takes  place  when  glucose  is  present  although  the 
liquid  turns  yellow  on  boiling.  A very  large  proportion  of  glucose  may 
be  added  to  fresh  urine  without  giving  rise  to  a pulverulent  precipitate 
-on  the  application  of  Trommer’s  test;  notwithstanding  that,  it  dis- 
solved in  water,  it  will  react  in  the  proportion  of  one  part  m 10,00  ). 
That  the  interference  of  urine  with  Trommer’s  test  depends  on  its 
retaining  in  solution  t*he  reduced  copper  oxide,  and  not  upon  its  pre- 
venting deoxidation,  is  indicated  by  the  fact  that  the  color  of  tie 
mixture  changes,  as  usual,  from  blue  to  yellow  although  no  precipitate 
takes  place;  and  also  by  the  experiments  of  Dr.  Fowler,1  who  has  shown 
that  if  the  precipitate  resulting  from  Trommer’s  test  with  a watery  so  u-  , 
tion  of  glucose  be  added  to  boiling  urine,  it  is  at  once  redissolved.  T he 
same  observer  has  devised  a method  of  applying  the  test  successfully 
notwithstanding  the  interference  of  the  urine.  A certain  quantity  of 
urine  can,  of  course,  only  dissolve  a certain  amount  of  copper  oxit  e , 
and  if  the  copper  sulphate  solution  be  added  to  a specimen  of  saccharine 
urine  in  large  proportion,  the  excess  will  be  precipitated  and  show  itse 
as  a deposit.  A copper  sulphate  solution,  made  in  the  proportion  o 
part  copper  sulphate  to  7.5  parts  of  water,  and  added  to  saccharine  mine 
to  the  amount  of  one-half  or  one-third  its  bulk  will  generally  be  suffi- 
cient to  produce  a satisfactory  reaction. 

1 New  York  Medical  Journal,  June,  1874,  p.  632. 
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All  sources  of  error  of  this  kind,  due  to  the  presence  of  extraneous 
substances,  may  be  avoided  in  delicate  examinations,  by  treating  the 
suspected  fluid  with  animal  charcoal,  or  by  evaporating  it  to  dryness, 
extracting  the  dry  residue  with  alcohol,  and  then  dissolving  the  dried 
alcoholic  extract  iu  water,  before  the  application  of  the  test.  Either  ol 
these  processes  will  remove  the  substances  which  interfere  with  the 
action  of  Trommer’s  test,  and  will  leave  the  glucose  by  itself  in  the 
watery  solution. 

A more  delicate  form  of  the  copper  test  for  glucose  is  in  the  employ- 


ment of  “ Eehling’s  liquor,”  which  is  an  alkaline  solution  of  a double 
copper  and  potassium  tartrate.  It  is  made  as  follows  : — 

Take— Pure  crystallized  copper  sulphate 40  grammes. 

Neutral  potassium  tartrate 

A solution  of  sodium  hydrate  of  the  specific  gravity  1.12 


160 

650 


The  neutral  potassium  tartrate,  dissolved  in  a little  water,  is  first 
mixed  with  the  solution  of  sodium  hydrate.  Then  the  copper  sulphate, 
dissolved  in  160  cubic  centimetres  of  water,  is  gradually  added  to  the 
alkaline  liquor,  which  assumes  a clear,  deep  blue  color.  The  whole  is 
finally  diluted  with  water  to  the  volume  of  1154.4  cubic  centimetres. 
If  one  drop  of  this  liquid  be  added  to  one  cubic  centimetre  of  a saccha- 
rine solution  and  heat  applied,  it  will  detect  oue-fifteenth  of  a milli- 
gramme of  glucose  by  the  reduction  of  the  copper  oxide.  One  advan- 
tage of  Eehling’s  liquor  as  a test  is  that  the  quantity  of  copper  salt 
contained  in  a given  volume  is  accurately  known,  and  consequently  not 
only  the  presence  but  also  the  amount  of  glucose  in  any  solution  may 
be  determined  by  the  quantity  of  test  liquid  which  it  decomposes  at  a 
boiling  temperature.  One  cubic  centimetre  of  Eehling’s  liquor  is 
exactly  decolorized  by  *foth  of  a gramme  of  glucose. 

One  inconvenience  connected  with  this  test  is  that  Eehling  s liquoi  b} 
exposure  to  the  air  and  light  undergoes  an  alteration,  in  which  some  of 
its  tartaric  acid  disappears  and  is  replaced  by  carbonic  acid.  Iifi  this 
condition  it  will  partially  precipitate  on  boiling,  even  without  the  pres- 
ence of  sugar.  To  guard  agaiust  this,  it  should  be  kept  in  bottles  which 
are  quite  full  and  protected  from  the  light ; and,  in  every  case  where  a 
suspected  fluid  is  to  be  examined  for  sugar,  a small  portion  of  the  test- 
liquor  should  be  previously  boiled  by  itself,  in  order  to  be  sure  that  it 
has  not  undergone  spontaneous  decomposition.  Although  by  exposuie 
to  the  air  and  light  at  a summer  temperature,  Fehling’s  liquor  may  become 
altered  at  the  end  of  a week,  yet  if  protected  from  the  light,  in  carefully 
closed  and  full  bottles,  it  can  be  kept  unchanged  for  two  or  three  years. 

Thirdly,  the  most  marked  and  distinctive  property  ot  glucose,  in  a 
physiological  sense,  is  its  capacity  for  fermentation.  If  a watery  solu- 
tion of  pure  glucose  be  left  to  itself,  even  exposed  to  the  air,  no  remark- 
able change  takes  place  in  it.  But  if  a small  quantity  of  beer-yeast  be 
added  and  the  mixture  kept  at  a temperature  of  about  25°  (7<°  F.),  after 
a short  time  it  becomes  turbid.  It  then  develops  an  abundance  of 
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carbonic  acid,  which  is  partly  dissolved  in  the  liquid  and  partly  rises 
in  the  fom  of  -as  bubbles  to  its  surface.  It  is  tins  circumstance  which 
has  given  to  the  process  the  name  of  « fermentation”  or  boiling.  At  the 
smne°  time  the  sugar  is  gradually  destroyed  and  alcohol  appears  in  its 
nlace  Finally  the  whole  of  the  glucose  is  decomposed,  having  been 
converted  principally  into  alcohol,  C2HuO,  and  carbonic  acid  CO, 
Then  the  fermentation  stops  and  the  liquid  becomes  clear, i s turbid  con- 
tents subsiding  to  the  bottom  as  a whitish  layer.  Ihis  layei  is  itsd 
found  to  consist  of  yeast,  which  has  increased  in  quantity  over  that 
originally  added,  and  is  itself  capable  of  exciting  fermentation  m another 

saccharine  liquid.  , 

If  instead  of  a solution  of  pure  glucose,  we  employ  the  expressed 

iuices  of  certain  fruits,  like  those  of  the  grape,  which  contain  nitro- 
genous albuminoid  matters  in  addition  to  glucose,  fermentation  begins 
after  a certain  period  of  exposure  to  the  air,  and  goes  on  with  the  same 
phenomena  and  results  as  before.  This  is  the  natural  source  of  all  the 
vinous  and  alcoholic  fluids  used  by  man ; namely,  the  fermentation  of 


some  fluid  containing  glucose  or  a similar  saccharine  substance. 


of  glucose  is  due  to  the 
known  as  Saccharomyces. 

Fig.  6. 


vegetative 
This  plant 


The  alcoholic  fermentation 
action  of  a microscopic  fungus, 
consists  entirely  of  cells  which 
multiply  by  a process  of  bud- 
ding, but  do  not  produce  fila- 
ments, nor  any  compound  ve- 
getable fabric.  The  species 
which  is  present  in  beer-yeast 
is  the  “ Saccharomyces  cerevi- 
siffi.”  Its  cells  are  usually 
rounded  in  form,  sometimes 
oval  (Fig.  6).  They  vary  in 
size,  but  the  greater  number 
have  an  average  diameter  of  10 
in  mm.  They  have  a very  thin 
investing  integument,  which 
incloses  a finely  granular  semi- 
solid substance,  often  with  one 
or  two  rounded  cavities  or 
vacuoles  filled  with  fluid.  The 
cells  are  mostly  isolated,  but 
occasionally  two  of  them  may 

be  seeri  adhering  to  each  other.  There  is  also  a small  amount  of  inter- 
cellular liquid,  containing  albuminous  matter  and  various  mineral  salts. 

When  a little  of  the  yeast  is  added  to  a solution  containing  glucose, 
the  cells  of  the  yeast-plant  after  a short  time  begin  to  multiply  by  bud- 
ding. The  buds  increase  rapidly  in  size,  and,  when  the  young  cell  has 
nearly  attained  the  size  of  its  parent,  it  usually  separates  and  begins  an 


Saccharomyces  Obrbtisij,  in  its 
quiescent  condition ; from  deposit  of  beer- 
yeast,  after  fermentation. 
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Fig.  7. 


S aooharomtoes  OEBiTisiit  during  active 
germination.  From  fermenting  saccharine  solu- 
tion. 


independent  existence.  While 
in  this  active  condition  the 
cells  are  mostly  oval  in  form, 
and  have  an  average  diameter 
of  on  ly  a littl  e more  than  8 mmm. 
Often  two  and  three  are  seen 
connected  together,  forming 
moniliform  chains.  It  is  by 
the  active  growth  and  develop- 
ment of  the  cells  during  this 
process  that  the  glucose  of  the 
solution  is  decomposed,  and 
alcohol  and  carbonic  acid  pro- 
duced in  its  place.  Another 
species  of  saccharomyces  forms 
the  fungus  of  bread-yeast,  and 
a third  the  ferment  of  grape- 
juice  by  which  it  is  made  to  un- 
dergo the  vinous  fermentation. 

When  fermentation  is  used  as  a test,  a little  beer-yeast  is  added  to 
the  supposed  saccharine  fluid,  and  the  mixture  kept  at  the  temperature 
of  about  25°  (77°  F.).  The  gas  which  is  given  off  during  the  process 
is  collected  and  examined,  and  the  remaining  fluid  m purified  by  disti- 
lation.  If  the  gas  be  found  to  be  carbonic  acid,  and  if  the  distilled 
liquid  contain  alcohol,  there  can  be  no  doubt  that  a fermentable  sugar 
was  originally  present  in  the  solution.  Glucose  undergoes  ferine 
tion  more  readily  and  completely  than  most  other  varieties  of  sugar. 

Lactose,  C12H24012,  or  Sugar  of  Milk. 

This  is  the  variety  of  sugar  which  is  found  in  milk,  the  only  fluid  in 
which  it  is  known  to  occur.  It  is  less  freely  soluble  than  glucose  and 
its  sweet  taste  is  less  marked.  In  watery  solution  it  rotates  the  plane 
of  polarization  to  the  right  58°.20.  In  chemical 
isomeric  with  glucose,  which  it  resembles  m several  of  its  reactions 
namely,  in  being  decomposed  and  turned  brown  by  boiling  alkalies,  m 
readily  reducing  the  copper-oxide  in  Trommer’s  and  Fekling  s tests 
and  in  undergoing  the  alcoholic  fermentation  under  the  influence  of 
yeast  It  enters  into  fermentation,  however,  very  slowly,  as  compare 
with  Vcose  and  the  process  is  usually  incomplete.  If  fermentation 
go  on  in  the  milk  itself,  or  in  the  presence  of  o^er  mgredmnts  of  ^ c 

milk,  a part  of  the  ££  rfth  dilut’e  kdphuric  o'r 

hydrochloric  acid,  lactose  becomes  readily  and  completely  fermentable. 
TWs  sugar  form  an  important  element  in  the  food  of  the  young 
SIX  a constant  ingredient  of  the  milk  It  is  not  known 
from^what  substance  it  is  formed  in  the  tissues  of  the  mammary  gland , 
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h„t  it  is  evidently  » reserve  material,  intended  for  the  nutrition  of  the 
h^t,  and  n“  for  consumption  in  the  body  of  the  parent. 


Saccharose,  Cl2H22On,  or  Cane  Sugar. 

This  variety,  the  oldest  known  species  of  sugar,  is  derived  irom  the 
• suoar  cane,  where  it  exists  in  great  abundance.  It 

Ernes  on  cooling  from  a hot  concentrated  solution  in  the  well- 
known  white  granular  crystalline  masses,  the  form  m whic  1 is 
generally  used  for  culinary  purposes.  If  crystaJJ^d 
furnishes  large,  colorless,  prismatic  crystals,  in  whic  factured 

as  “ rock  candy”  or  “ sugar  candy.”  This  sugar  is  a of 

from  the  juices  of  the  beet-root,  and,  imperfectly  purified,  fio 
the  sorghum  and  the  sugar-maple.  It  exists  to  Bom* i extent  in  the 
green  stems  of  Indian  corn,  in  sweet  potatoes,  m paismp  , 1 ’ 

carrots,  and  in  the  spring  juices  of  the  birch  and  walnut  ^ Honey 
is  a mixture  of  glucose  and  saccharose,  together  wit 

Cane  sugar  originates  from  glucose,  in  the  process  of  vegetation,  by 
a change  the  reverse  of  that  by  which  glucose  itself  is  formed  fro 
starch,  that  is,  by  the  loss  of  oxygen  and  hydrogen  in  the  propoi  ions 
to  form  water.  A comparison  of  the  chemical  composition  of  the  t 
substances  will  show  the  manner  in  which  the  transformation  takes 


place,  namely  : — 

Glucose.  Water.  Cane  sugar. 

2(CgH12Og)  — H20  = CieH«On. 

Saccharose  is  the  most  soluble  of  all  the  sugars,  and  has  the  strongest 
sweet  taste.  It  rotates  the  plane  of  polarization  to  the  right  73  .84. 
It  differs  in  its  reactions  from  glucose  by  the  fact  that  it  is  not  turned 
brown  by  boiling  with  an  alkali,  and  does  not  reduce  the  copper-oxide 
in  Trommer’s  test,  or  does  so  very  slowly  and  imperfectly.  It  may  be 
converted  into  glucose,  however,  by  a few  seconds’  boiling  with  a trace 
of  dilute  mineral  acid,  and  will  then  react  promptly  both  with  boiling 
alkalies  and  with  Trommer’s  test.  Cane  sugar  is  not  immediately 
fermentable,  but  by  contact  with  yeast  it  is  after  a time  changed  into 
glucose,  and  finally  enters  into  fermentation.  As  it  occurs  in  the 
tissues  of  the  living  vegetable,  it  is  regarded  as  a reserve  material, 
which  is  subsequently  reconverted  into  glucose  for  the  purposes  of 
nutrition.1  When  taken  as  food,  it  is  transformed  into  glucose  by  the 

intestinal  fluids  in  the  digestive  process. 

Sugar  and  starch,  accordingly,  in  all  their  varieties,  are  closely  allied 
to  each  other,  both  in  their  chemical  and  physiological  relations.  Their 
proportions  of  hydrogen  and  oxygen  are  such  as  to  have  given  them,  as 
a class,  a distinct  name,  and  their  mutual  convertibility  in  the  piocess 
of  vegetation  has  been  shown  by  abundant  investigations.  Starch  anc 
sugar,  in  the  living  plant,  represent  the  same  nutritive  material  under 


1 Mayer,  Agrikultur-Chemie,  Band  i.  p.  122. 
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two  different  conditions ; starch  being  the  substance  in  the  form  of  a 
solid  deposit,  and  glucose  in  the  form  of  solution  and  activity.1  In 
the  animal  body,  the  glycogen  of  the  liver  is  converted  into  soluble 
glucose,  and  thus  enters  the  circulation  before  it  takes  an  active  part 
in  the  nutritive  operations ; and  vegetable  starch,  when  taken  as  food, 
undergoes  the  same  transformation  in  the  intestinal  canal.  Finally 
these  substances,  from  whatever  source  they  may  be  derived,  are  com- 
pletely decomposed  in  the  interior  of  the  system,  and  do  not  reappear, 
in  any  notable  quantity,  in  the  excreted  fluids  of  the  body. 


IV.  Fats. 


The  fatty  matters,  or  fixed  oils,  are  distinguished  from  the  preceding 
group,  so  far  as  regards  their  chemical  composition,  by  the  fact  that  they 
do  not  contain  hydrogen  and  oxygen  in  the  proportions  to  form  water, 
the  oxygen  being  present  in  smaller  quantity;  and  also  by  theii  laige 
proportion  of  carbon,  which  preponderates  much,  by  weight,  over  the 
other  two  elements.  This  fact  is  probably  connected  with  the  strongly 
marked  inflammability  which  constitutes  one  of  their  most  useful  pro- 
perties, the  oils  being  decomposed  at  a temperature  of  300°  (o70°  F.), 
and  burning  with  a bright  flame.  The  peculiarly  smooth  consistency 
of  the  oleaginous  matters  is  also  one  of  their  distinguishing  features, 
and  enables  them  to  be  employed  as  lubricating  substances,  to  diminish 

the  friction  between  opposite  surfaces. 

The  fats  are  all  insoluble  in  water,  slightly  soluble  in  alcohol,  and 
freely  soluble  in  ether,  which  is  accordingly  used  with  advantage  m 
extracting  them  from  their  admixture  with  other  organic  matters. 
They  are°also  readily  soluble  in  each  other.  They  exhibit  no  rotatory 
action  upon  polarized  light.  They  are  all  fluid  at  a high  temperature, 
and  crystallize  on  being  cooled  down  to  the  requisite  point;  the  precise 
degree  at  which  crystallization  takes  place  varying  for  the  different 


kinds  of  fats.  . 

The  fats  are  not  only  insoluble  in  water,  but  they  refuse  to  mix  wi 

it  even  after  prolonged  mechanical  agitation ; and  as  soon  as  the  two 
fluids  are  left  at  rest  they  separate  from  each  other,  the  water  remain- 
ing below,  and  the  oil  rising  to  the  surface,  where  it  collects  as  a dis- 
tinct layer  But  if  the  watery  fluid  contain  a trace  of  free  alkali,  the 
oil  is  broken  up  into  minute  particles,  which  are  disseminated  uni- 
formly throughout  the  fluid  and  held  in  permanent  suspension.  Such 
a fluid  is  called  an  emulsion , and  presents  an  opaque  white  color,  owing 
to  the  intimate  mixture  of  watery  and  oleaginous  particles  having 
different  refractive  powers.  In  an  emulsion,  the  oil  does  not  suffer  any 
chemical  modification,  but  is  simply  broken  up  into  a state  ot  minute 
dissemination.  It  can  be  recovered,  with  all  its  original  characters, 
by  evaporating  the  watery  fluid  and  extracting  the  oil  from  the  dry 
residue  by  means  of  ether.  Oil  may  also  be  emulsioncd  by  contact 


1 Sachs,  Trait6  dc  Botanique.  Paris,  1874,  p.  840. 
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with  certain  nitrogenous  organic  matters  of  an  albuminous  nature. 
White  of  e^o-  or  the  serum  of  blood,  exerts  this  effect  in  an  energetic 
manner,  and  the  fatty  substances  of  milk  are  held  in  suspension  by  its 
liquid  albuminous  ingredients. 

Another  characteristic  of  the  true  fatty  substances  is  their  property 
of  saponification , that  is,  of  forming  soaps  when  subjected  to  certain 
chemical  influences.  If  either  of  the  natural  fats  be  boiled  for  a con- 
siderable time  in  the  watery  solution  of  a free  alkali,  it  is  decompose!  , 
with  the  production  of  two  new  bodies — first,  glycerine  (C3H80;1),  a neu- 
tral fluid  substance  which  is  soluble  in  water;  and  secondly,  a fatty 
acid  which  combines  with  the  alkali  and  forms  a soap.  An  analogous 
change  is  thought  to  take  place  with  a portion  of  the  fatty  matters  in 
the  animal  fluids. 

The  fats  are  derived  from  both  the  animal  and  the  vegetable  world. 
They  are  present  in  many  of  the  solids  and  fluids  of  the  living  body , 
and  are  found  also  in  many  varieties  of  vegetable  food.  The  following 
list  gives  the  proportion  of  fat  in  various  alimentary  substances,  accord- 
ing to  the  tables  of  Payen  : — 


Quantity  of 

Fat  in  100  Parts  in 

Wheat 

2.10 

Beef’s  flesh  (average)  . 

5.19 

Indian  corn . 

8.80 

Calf’s  liver  . 

5.58 

Potatoes 

0.11 

Mackerel 

6.76 

Beans  . 

2.50 

Salmon 

4.85 

Peas  . 

2.10 

Oysters 

1.51 

Sweet  almonds 

24.28 

Cow’s  milk  . 

3.70 

Chocolate  nut 

' 49.00 

Fowl’s  egg  . 

7.00 

Beside  entering  as  an  ingredient  into  the  above  articles,  fat  is  often 
taken  with  the  food  in  a pure,  or  nearly  pure  form,  as  butter,  olive  oil, 
or  the  various  kinds  of  adipose  tissue. 

Pat  is  produced  in  the  vegetable  tissues,  perhaps  to  some  extent 
directly  from  carbonic  acid  and  water,  but  certainly  in  considerable 
quantity  by  transformation  of  the  starch  originally  formed.1  It  is  from 
this  source  that  the  fat  so  abundantly  stored  up  in  oily  seeds  and  fruits 
is  mainly  derived;  and  in  this  situation  it  is  retained  until  required  for 
the  purposes  of  germination  and  growth.  It  is  accumulated  in  some 
seeds  and  fruits  in  remarkable  quantity,  particularly  in  those  of  the 
sweet  and  bitter  almond,  the  chocolate  tree,  hemp,  flax,  ricinus  com- 
munis, and  Croton  tiglium,  where  it  exists  in  the  proportions  of  from 
24  to  60  per  cent. 

The  three  most  important  varieties  of  fat  are  those  known  as  Stearine , 
Palmitine , and  Oleine.  They  resemble  each  other  in  their  general 
characters,  and  differ  mainly  in  their  degree  of  fluidity  at  correspond- 
ing temperatures ; stearine  solidifying  the  most  readily  of  the  three, 
while  oleine  remains  fluid  at  a lower  temperature  than  either  ol  the 
others. 


1 Mayer,  Agrikultur-Chemie,  Band  i.  pp.  84,  85. 
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Stearine,  C57HU0Oc, 

So  called  from  the  readiness  -with  which  it  assumes  the  solid  form,  is  a 
main  ingredient  of  the  more  consistent  fats.  It  liquefies,  when  pure,  at 
about  G0°  (140°  F.),  and  again  solidifies  when  the  temperature  falls  to 

or  a little  below  this  point.  It 
Fig-  8.  crystallizes,  on  cooling  from  a 

warm  solution  in  oleine,  in  fine 
radiating  needles  which  often 
follow  a wavy  or  curvilinear 
direction.  It  is  rather  less 
freely  soluble  in  alcohol  and 
ether  than  the  other  fatty  sub- 
stances. 

Palmitine,  C51H9S06, 

W as  first  recognized  as  an  in- 
gredient of  palm  oil , a semi- 
solid fat  obtained  from  the 
seed  of  an  African  palm.  It 
crystallizes,  on  cooling  from  its 
concentrated  alcoholic  or  ethe- 
Stearine,  crystallized  from  a warm  solution  in  j-gal  solution,  in  the  form  of 
01eme'  slender  needles.  It  liquefies 

about  the  temperature  of  46°  (115°  F.).  It  is  found  in  considerable 
abundance  in  a variety  of  animal  and  vegetable  fats. 


Oleine,  O5,H104O6. 

As  its  name  indicates,  this  is  the  representative  ingredient  of  the  oils, 
or  liquid  fatty  substances.  When  pure  it  is  transparent  and  colorless. 

It  retains  its  fluidity  at  all  ordinary  temperatures,  and  even  below  the 
freezing  point  of  water.  It  readily  dissolves  both  stearine  and  palmi- 
tine, its  solvent  power  for  these  substances  increasing  with  the  elevation 
of  the  temperature. 

None  of  these  oleaginous  substances  occur  naturally  in  an  isolated 
form,  but  they  are  mingled  together  in  varying  proportions  in  all  the 
ordinary  animal  and  vegetable  fats  and  oils.  The  consistency  of  the 
mixtures  varies  with  the  relative  quantity  of  their  different  fatty  ingie- 
dients  Thus  the  more  solid  fats,  such  as  suet  and  tallow,  consist 
largely  of  stearine ; the  softer  fats,  as  lard,  butter,  and  the  ingredients 
of  human  adipose  tissue,  contain  a greater  abundance  of  palmitine; 
while  the  liquid  fats,  like  the  fish  oils,  olive  oil,  and  nut  od,  are 
composed  mainly  of  oleine.  As  a general  rule,  in  the  bodies  of  the 
warm-blooded  animals  these  mixtures  are  fluid,  or  very  nearly  so,  in  . 
consistency ; for,  although  both  stearine  and  palmitine,  when  pure,  are 
solid  at  the  ordinary  temperature  of  the  body,  they  are  held  m solu- 
tion during  life  by  the  oleine  with  which  they  are  associated.  After 
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Oleaginous  Principles  op  Human 
Fat.  Steariue  and  Palmitine  crystallized;  Ole- 
ine fluid. 


death,  as  the  body  cools,  the  '' lg‘  9' 

steatine  and  palmitine  some- 
times separate  in  a crystalline 
form,  since  the  oleine  can  no 
longer  hold  in  solution  so  large 
a quantity  as  it  had  dissolved  at 
a higher  temperature.  (Fig.  9.) 

When  in  a fluid  state,  the  fatty 
substances  present  themselves  in 
the  form  of  drops  or  globules, 

■which  vary  greatly  in  size,  but 
which  may  be  readily  recog- 
nized by  their  optical  proper- 
ties. They  are  circular  in  shape, 
with  a sharp  well-defined  out- 
line. They  often  have  a faint 
amber  color,  which  is  distinctly 
marked  in  the  larger  globules, 
less  so  in  the  smaller.  As  they  . . 

have  a higher  refractive  power  than  the  watery  fluids  m which  they  aie 
immersed,  they  act  under  the  microscope  as  double  convex  lenses,  ant 
concentrate  the  light  transmitted  through  them,  at  a point  above  the 
level  of  the  liquid.  Consequently,  they  present  the  appearance  o a 
bright  centre  surrounded  by  a dark  border.  If  the  lens  of  the  micro- 
scope be  lifted  farther  away,  the  centre  of  the  globule  becomes  brighter, 
and  its  borders  darker.  These  characters  will  usually  be  sufficient  to 
distinguish  them  from  other  fluid  globules  of  less  refractive  power. 

The  oleaginous  matters  present  a striking  peculiarity  in  regard  to  the 
form  under  which  they  occur  in  the  living  body,  and  one  which  distin- 
guishes them  from  other  ingredients  of  the  animal  solids  and  fluids. 
The  remaining  proximate  principles  of  different  groups  are  intimately 
associated  together  by  molecular  union,  so  as  to  form  either  clear  solu- 
tions or  homogeneous  solids.  Thus  the  saccharine  matters  of  the  blood 
or  the  milk  are  in  solution  in  water,  in  company  with  the  albumen,  the 
lime  phosphate,  sodium  chloride,  and  the  like ; all  of  them  equally  dis- 
tributed throughout  the  general  mass  of  the  fluid.  In  the  bones  and 
cartilages,  the  animal  matters  and  the  calcareous  salts  are  in  similarly 
intimate  union  with  each  other;  and  in  every  other  part  of  the  body  the 
animal  and  inorganic  ingredients  are  united  in  a similar  way.  But  it  is 
different  with  the  fats.  For,  while  the  three  principal  varieties  of 
oleaginous  matter  are  united  with  each  other,  they  are  not  united,  as  a 
general  rule,  with  proximate  principles  of  other  kinds  ; that  is,  with 
water,  saline  substances,  sugar,  or  albumen.  The  fats  are  soluble  to  a 
certain  extent  in  the  ingredients  of  the  bile,  and  they  are  found  in  small 
quantity,  in  the  saponified  condition,  in  the  plasma  of  the  blood,  as 
sodium  stearate,  palmitate,  or  oleate.  But  in  by  far  the  largei  piopoi- 
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tion  of  cases,  instead  of  forming  a homogeneous  solid  or  fluid  with  the 
other  proximate  principles,  the  oleaginous  matters  are  found  in  distinct 
masses  or  globules,  suspended  in  the  serous  fluids,  interposed  in  the 
interstices  between  the  anatomical  elements,  included  in  the  interior  of 
cells,  or  deposited  in  the  substance  of  fibres  or  membranes.  Even  in 
the  vegetable  tissues,  oil  is  always  deposited  in  distinct  drops  or 
granules. 

Owing  to  this  fact,  the  oils  can  be  easily  extracted  from  the  organized 
tissues  by  the  employment  of  mechanical  processes.  The  tissues,  animal 
or  vegetable,  are  cut  into  small  pieces  and  subjected  to  pressure,  by 
which  the  oil  is  forced  out  from  the  parts  in  which  it  was  entangled, 
and  separated,  sometimes  without  further  manipulation,  in  a state  of 
comparative  purity.  A moderately  elevated  temperature  facilitates  the 
operation  by  increasing  the  fluidity  of  the  oleaginous  matter  ; but  no 
chemical  agency  is  required  for  its  separation.  Under  the  microscope, 
oil-drops  and  granules  can  be  readily  distinguished  from  the  remaining 
parts  of  a tissue,  and  may  also  be  recognized  by  the  dissolving  action 
of  ether,  which  acts  upon  them,  for  the  most  part,  without  attacking 
the  other  proximate  principles. 

Oils  are  found,  in  the  animal  body,  most  abundantly  in  the  adipose 
tissue.  Here  they  are  contained  in  the  interior  of  the  adipose  vesicles, 
the  cavities  of  which  they  completely  fill,  in  a state  of  health.  These 
vesicles  are  transparent,  and  have  a partly  angular  form,  owing  to  their 


mutual  compression.  (Fig.  10.)  They  vary  in  diameter,  in  the  human  sub- 
ject, from  28  mmm.  to  125  mmm.,  and  are  composed  of  a thin,  structure- 
less animal  membrane,  forming 
Fig.  10.  a closed  sac,  in  the  interior  of 

which  the  oily  matter  is  con- 
tained. The  oil,  accordingly, 
is  simply  included  mechani- 
cally in  the  interior  of  the 
vesicles.  Sometimes,  when 
emaciation  is  going  on,  the  oil 
partially  disappears  from  the 
cavity  of  the  adipose  vesicle, 
and  its  place  is  taken  by  a 
watery  serum  j but  the  serous 
and  oily  fluids  remain  distinct, 
and  occupy  different  parts  of 
the  cavity  of  the  vesicle. 

In  the  chyle,  the  oleaginous 
matter  is  in  a state  of  emul- 
sion or  suspension  in  the  form 
of  minute  particles  in  a serous  fluid.  Its  subdivision  is  here  more  com- 
plete, and  its  molecules  more  minute,  than  anywhere  else  in  the  bo  y. 
It  presents  the  appearance  of  a fine  granular  dust,  which  has  been  known 
by  the  name  of  the  “ molecular  base  of  the  chyle.”  A few  of  these 


Human  Adipose  Tissue. 
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Ohtle,  from  commencement  of  Thoracic  Duct, 
from  the  Dog. 


granules  are  to  be  seen  which  FlS-  1L 

measure  2.5  mmm.  in  diameter ; 
but  they  are  generally  much 
less  than  this,  and  the  greater 
part  are  so  small  that  they  can- 
not be  accurately  measured. 

(Fig.  11.)  For  the  same  reason 
they  do  not  present  the  bril- 
liant centre  and  dark  border  of 
the  larger  oil-globules  ; but  ap- 
pear by  transmitted  light  only 
as  minute  dark  granules.  The 
white  color  and  opacity  of  the 
chyle,  as  of  all  other  fatty  emul- 
sions, depend  upon  this  mole- 
cular condition  of  the  oily  in- 
gredients. The  albumen  and 
salts,  which  are  in  intimate 

union  with  each  other,  and  dissolved  in  the  water,  would  alone  make  a 
colorless  and  transparent  fluid ; but  the  'oily  matters,  suspended  in 
distinct  particles,  with  a different  refractive  power  from  that  of  the 
serous  fluid,  interfere  with  its  transparency,  and  give  to  the  mixture 
the  white  color  and  opaque  appearance  which  are  characteristic  of  emul- 
sions. The  oleaginous  nature 

of  these  particles  is  readily  FiS-  12- 

shown  by  their  solubility  in 
ether. 

In  the  milk,  the  oily  matter 
occurs  in  larger  masses  than  in 
the  chyle.  In  cow’s  milk  (Fig- 
12),  the  oil-drops,  or  “milk- 
globules,”  are  not  quite  fluid, 
but  have  a pasty  consistency, 
owing  to  the  large  quantity  of 
palmitine  which  they  contain,  in 
proportion  to  the  oleine.  When 
forcibly  amalgamated  with  each 
other  and  collected  into  a mass 
by  prolonged  beating  or  churn- 
ing, they  constitute  butter.  In 
cow’s  milk,  the  globules  vary 

somewhat  in  size,  but  their  average  diameter  is  6 mmm.  They  are 
suspended  in  the  serous  fluid  of  the  milk,  and  by  heating  may  be  more 
perfectly  liquefied,  and  made  to  assume  a circular  form. 

In  the  cells  of  the  laryngeal,  tracheal,  and  costal  cartilages  (Fig.  13) 
there  is  always  more  or  less  fat  deposited  in  the  form  of  rounded  glo- 
bules, somewhat  similar  to  those  of  the  milk. 
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In  the  glandular  cells  of  the  liver,  oil  occurs  constantly,  in  a state  of 
health.  It  is  here  deposited  in  the  substance  of  the  cell  (Fig.  14), 

generally  in  smaller  globules 
Fig.  13.  than  the  preceding.  In  some 

cases  of  disease,  it  accumulates 
in  excessive  quantity,  and  pro- 
duces the  state  known  as  fatty 
degeneration  of  the  liver.  This 
is  consequently  only  an  exag- 
gerated condition  of  that  which 
normally  exists  in  health. 

In  the  carnivorous  animals 
oil  exists  in  considerable  quan- 
tity  in  the  convoluted  portion 
of  the  uriniferous  tubules.  (Fig. 
15.)  It  is  here  in  the  form  of 
granules  and  rounded  drops, 
which  sometimes  appear  to  fill 
nearly  the  whole  calibre  of  the 
tubules. 

It  is  found  also  in  the  secret- 
ing cells  of  the  sebaceous  and 
other  glandules,  deposited  in 
the  same  manner  as  in  those  of 
the  liver,  but  in  smaller  quan- 
tity. It  exists,  beside,  in  large 
proportion,  in  a granular  form, 
in  the  secretion  of  the  seba- 
ceous glandules. 

It  occurs  abundantly  in  the 
marrow  of  the  bones,  both  un- 
der the  form  of  free  oil-globules 
and  inclosed  in  the  vesicles  of 
adipose  tissue,  and  is  found  in 
considerable  quantity  in  the 
substance  of  the  yellow  wall  of 
the  corpus  luteum. 

It  occurs  also  in  the  form  of 

granules  and  oil-drops  in  the  muscular  fibres  of  the  uterus  (Fig.  16), 
in  which  it  begins  to  be  deposited  soon  after  delivery,  and  where  it 
continues  to  be  present  during  the  whole  period  of  the  resorption  or 


Cells  op  Costal  Cartilages,  containing 
oil-globules.  Human. 

Fig.  14. 


Hepatic  Cells.  Human. 


involution  of  this  organ. 

In  all  these  instances,  the  oleaginous  matters  remain  distinct  m form 
and  situation  from  the  other  ingredients  of  the  tissues  and  are  only 
mechanically  entangled  among  the  fibres  and  cells,  or  imbedded  in  their 


interior. 
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Uriniperous  Tubules  o»  Dog,  from  cor- 
tical portion  of  kidney. 

Fig.  16. 


A large  part  of  the  fat  which  is  found  in  the  animal  body  may  be 
accounted  for  by  that  which  is  taken  in  with  the  food,  since  oily  matter 
occurs  iu  both  animal  and  vege-  ^ ^ 

table  substances.  Fat  is,  how- 
ever, formed  in  the  body  from 
other  organic  substances,  inde- 
pendently of  what  is  intro- 
duced with  the  food.  This 
important  fact  has  been  defi- 
nitely ascertained  by  the  ex- 
periments of  MM.  Dumas  and 
Milne-Edwards  on  bees,1  M. 

Persoz  on  geese,3  and  finally 
by  those  of  M.  Boussingault 
on  geese,  ducks,  and  pigs.3  The 
observers  first  ascertained  the 
quantity  of  fat  existing  in  the 
whole  body  at  the  commence- 
ment of  the  experiment.  The 
animals  were  then  subjected  to 
a definite  nutritious  regimen, 
in  which  the  quantity  of  fatty 
matter  was  duly  ascertained  by 
analysis.  The  experiments 
lasted  for  a period  varying,  in 
different  instances,  from  thirty- 
one  days  to  eight  months; 
after  which  the  animals  were 
killed  and  all  their  tissues  ex- 
amined. The  result  of  these 
investigations  showed  that  con- 
siderably more  fat  had  been 
accumulated  by  the  animal 
during  the  course  of  the  expe- 
riment than  could  be  accounted 
for  by  that  which  existed  in 
the  food ; and  placed  it  beyond 
a doubt  that  oleaginous  sub- 
stances may  be,  and  actually 

are,  formed  in  the  interior  of  the  animal  body  bjr  the  decomposition  or 
metamorphosis  of  other  proximate  principles. 

There  is  reason  to  believe  that  fat  is  produced  in  this  way,  under  the 
influence  of  the  vital  process,  from  the  transformation  of  starchy  and 
saccharine  substances.  In  the  first  place,  as  we  have  already  seen,  there 

1 Annales  de  Cliim.  et  de  Phys.,  3d  series,  vol.  xiv.  p.  400.  2 Ibid.,  p.  408. 

3 Ohimie  Agricole.  Paris,  1854. 


Muscular  Fibres  op  Human  Uterus 
three  weeks  after  parturition. 
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is  no  doubt  that  fat  is  produced  from  starch  and  glucose  in  vegetables 
during  a certain  period  of  their  growth.  The  oily  seeds  of  certain 
plants  while  still  immature  contain  starch  ; but  as  they  ripen,  the  starch 
diminishes  or  disappears  and  oil  takes  its  place.1 

It  is  also  a matter  of  common  observation  that  articles  of  food,  con- 
sisting largely  of  starch  or  sugar,  or  of  both,  are  especially  apt  to  be 
fattening,  both  for  man  and  animals  and  in  sugar  growing  countries, 
during  the  short  season  occupied  in  extracting  and  preparing  the  sugar, 
the  horses  and  cattle,  as  well  as  the  laborers  employed  on  the  plantation, 
all  of  whom  partake  freely  of  the  saccharine  juices,  grow  remarkably 
fat,  and  again  lose  their  superabundant  flesh  when  the  season  is  past. 
It  is  not  known,  however,  whether  the  saccharine  matters  in  these  in- 
stances are  directly  converted  into  fat,  or  whether  they  pass  through  a 
series  of  intermediate  changes  which  furnish  the  materials  for  its  forma- 
tion. The  abundant  accumulation  of  fat  in  certain  regions  of  the  body 


and  its  absence  in  others,  and  more  particularly  its  constant  occurrence 
in  situations  to  which  it  could  not  have  been  transported  by  the  blood, 
as  the  interior  of  the  cells  of  the  costal  cartilages,  make  it  probable  that 
oily  matter  is  often  formed  from  the  metamorphosis  of  other  proximate 
principles,  upon  the  very  spot  where  it  makes  its  appearance  in  the 
solid  tissues.  Cases  of  hereditary  obesity,  and  of  obesity  occurring 
only  after  a definite  period  of  life,  indicate  also  that  the  excessive  depo- 
sition of  fat  may  be  due  to  internal  causes  dependent  on  the  special 
condition  of  the  bodily  system. 

In  the  female  during  lactation,  a large  part  of  the  oily  matter  intro- 
duced with  the  food,  or  formed  in  the  body,  is  discharged  with  the  milk, 
and  o-oes  to  the  support  of  the  infant.  But  in  the  female  in  the  inter- 
vals of  lactation,  and  in  the  male  at  all  times,  the  oily  matters  almost 
entirely  disappear  by  decomposition  in  the  interior  of  the  body  ; since 
the  small  quantity  which  is  discharged  with  the  sebaceous  matter  by 
the  skin  bears  only  an  insignificant  proportion  to  that  which  is  intro- 
duced daily  with  the  food.  _ 

Beside  the  fats  proper  there  is  also  contained  m the  body  the  loi- 
lowing  substance,  which  resembles  fat  in  the  general  features  of  its 
chemical  composition,  and  in  some  of  its  reactions,  but  differs  from 
them  in  three  important  particulars,  namely  : 1st,  in  being  volatile  at  a 
high  temperature;  2d,  in  exerting  a rotatory  action  on  polarized  light , 
and  3d,  in  the  fact  that  it  cannot  be  transformed,  by  the  action  of  a ka- 
line  solutions,  into  glycerine  and  a fatty  acid— that  is,  it  is  not  saponi- 


fiable. 


Cholesterine,  C20H44O, 


So  called  from  its  being  often  precipitated 
bile,  in  which  form  it  was  first  discovered, 
in  the  blood-plasma  and  the  blood-globules, 


as  a solid  deposit  from  the 
Cholesterine  is  an  ingredient 
in  the  bile,  in  the  sebaceous 


1 Prof.  S.  W.  Johnson,  How  Crops 


Grow.  New  York,  p.  94. 


CHOLESTERINE. 
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matter  of  the  skin,  the  liver,  the  spleen,  the  crystalline  lens,  and  espe- 
cial^ in  the  nerves,  spinal  cord,  and  brain,  in  which  last  it  has  been 
found  by  Flint1  in  the  proportion  on  the  average  of  about  one  part  per 
thousand.  Recent  observations  have  shown  that  it  is  also  a constituent 
of  various  articles  of  food,  such  as  the  yolk  of  egg,  and  even  of  many 
vegetable  products,  as  peas,  beans,2  olives,  almonds,  and  Indian  com. 

Cholesterine  is  a crystallizable  substance,  insoluble  in  water,  freely 
soluble  in  ether,  chloroform,  boiling  alcohol,  and  the  volatile  and  fatty 
oils.  It  is  partially  soluble  in 


watery  solutions  of  the  biliary 
salts  and  of  the  saponified  fats. 
It  is  deposited  from  its  alco- 
holic or  ethereal  solution  in 
the  form  of  very  thin,  color- 
less, transparent,  rfiomboidal 
plates,  portions  of  which  are 
often  cut  out  by  lines  of  cleav- 
age  parallel  to  the  edges  of  the 
crystal.  They  frequently  occur 
deposited  in  layers,  in  which 
the  outlines  of  the  subjacent 
crystals  show  very  distinctly 
through  the  substance  of 
those  placed  above.  It  is 
often  found,  in  a crystalline 
form,  in  the  fluid  of  hydrocele 


Fig.  17. 


Cholesterine,  from  an  Encysted  Tumor. 


and  other  morbid  exudations,  in  the  contents  of  encysted  tumors,  and 
in  biliary  calculi.  Crystallized  cholesterine  melts  at  145°  (293°  F.), 
and  distils  unchanged  in  vacuo  at  about  360°  (080°  F.).  Its  solutions 
rotate  the  plane  of  polarization  to  the  left  32°. 

If  cholesterine  be  triturated  with  strong  sulphuric  acid,  and  chloro- 
form added  to  the  mixture,  a blood-red  color  is  produced,  which  after- 
ward disappears  by  exposure  to  the  air,  passing  gradually  from  red  to 
violet,  blue,  and  green,  the  solution  finally  becoming  colorless. 

Our  knowledge  with  regard  to  the  physiological  relations  of  choleste- 
rine is  less  definite  than  as  to  those  of  the  true  fatty  substances.  Its 
abundant  proportion  in  the  brain  and  nerves,  and  its  association  in  these 
tissues  with  other  important  constituents,  have  led  to  the  opinion  that 
it  is  an  essential  ingredient  of  the  nerve  substance.  Whatever  may  be 
its  source  in  these  organs,  it  is  no  doubt  absorbed  from  the  nervous 
system  by  the  blood,  carried  to  the  liver,  and  thence  discharged  with 


' American  Journal  of  the  Medical  Sciences,  October,  1862. 

2 Hoppe-Seyler,  Handbueh  der  Physiologisch-  und  Pathologisch-Chemischen, 
Analyse.  Berlin,  1870,  p.  98. 

3 Hardy,  Principes  de  Chimie  Biologique.  Paris,  1871,  p.  123. 
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the  bile.  According  to  the  observations  of  Prof.  Flint,  Jr.,  on  the  dog,1 
its  quantity  in  the  blood  increases,  while  passing  through  the  brain, 
from  0.52  to  1.09  parts  per  thousand.  Authorities  differ  as  to  whether 
it  is  discharged  with  the  feces,  or  is  transformed  in  the  interior  of  the 
body. 

The  most  important  characteristic,  in  a physiological  point  of  view, 
of  all  the  proximate  principles  of  the  second  class,  including  the  amyla- 
ceous, saccharine,  and  oily  substances,  relates  to  their  source  and  their 
final  destination.  Not  only  are  they  of  organic  origin,  making  their 
appearance  first  in  the  interior  of  vegetables ; but  they  are  all  produced 
also,  to  a certain  extent,  from  other  organic  materials,  in  the  bodies  of 
animals  ; continuing  to  be  formed  when  no  similar  substances,  or  only 
an  insufficient  quantity  of  them,  have  been  taken  with  the  food.  Fur- 
thermore, when  introduced  with  the  food,  or  formed  in  the  body  and 
deposited  in  the  tissues,  these  substances  are  not  found  in  the  secretions. 
They,  therefore,  for  the  most  part,  disappear  by  decomposition  in  the 
interior  of  the  body.  They  pass  through  a series  of  changes  by  which 
their  essential  characters  are  destroyed ; and  they  are  finally  replaced 
in  the  circulation  by  other  substances,  which  are  discharged  with  the 
excreted  fluids. 


1 Physiology  of  Man,  vol.  iii.  New  York,  1870,  pp.  281,  282 


CHAPTER  IV. 

/ albuminous  mattees. 

The  proximate  principles  belonging  to  this  class  are  very  important, 
not  only  from  their  peculiar  physiological  properties,  but  also  from 
their  comparatively  abundant  quantity  in  the  animal  body.  They  are 
derived  both  from  animal  and  vegetable  sources.  But  in  plants,  as  a 
general  rule,  the  albuminous  matters,  though  constantly  present,  and 
essential  to  the  activity  of  vegetative  life,  are  in  small  quantity  as  com- 
pared with  other  ingredients  of  the  fully  developed  tissues.  In  man  and 
animals,  on  the  other  hand,  they  constitute  by  far  the  larger  part  of  all 
the  solid  constituents  of  the  body.  Everywhere  their  chemical  consti- 
tution, their  physical  characters,  and  the  distinctive  properties  which 
belong  to  them,  show  that  they  have  an  intimate  connection  with  the 

more  active  phenomena  of  living  beings. 

The  first  peculiarity  by  which  they  are  distinguished  from  the  pioxi- 
mate  principles  of  the  preceding  class,  is  that  they  contain  nitrogen,  in 
addition  to  the  three  elements  belonging  to  other  organic  bodies,  namely, 
carbon,  hydrogen,  and  oxygen.  They  are,  therefore,  sometimes  called 
the  “nitrogenous”  proximate  principles.  But,  as  we  shall  hereafter 
see,  there  are  various  other  substances,  of  a crystallizable  nature,  also 
containing  nitrogen,  which  are  produced  in  the  body,  and  which  are  of  a 
different  character  from  the  albuminous  matters. 

The  albuminous  matters  are  not  crystallizable.  They  always,  when 
pure,  assume  an  amorphous  condition,  in  which  they  are  sometimes 
solid,  as  in  the  hones ; sometimes  fluid,  as  in  the  plasma  of  the  blood ; 
and  sometimes  semi-solid  in  consistency,  or  midway  between  the  solid 
and  fluid  condition,  as  in  the  muscles  and  the  substance  of  the 
glandular  organs.  Even  in  the  fluids,  the  albuminous  matters,  when 
present  in  considerable  quantity,  as  in  the  blood-plasma,  the  pancreatic 
juice,  or  the  submaxillary  saliva,  give  to  the  solution  a peculiar 
viscid  or  mucilaginous  consistency.  This  consistency  is  more  marked, 
in  proportion  to  the  abundance  of  the  organic  ingredients.  The 
albuminous  matters,  in  solution,  all  rotate  the  plane  of  polarization 
toward  the  left.  The  precise  chemical  constitution  of  these  substances 
has  not  been  in  all  cases  determined.  The  apparent  variation  in  the 
exact  proportion  of  their  ultimate  elements  in  different  instances  is 
probably  due  to  the  readiness  with  which  they  become  modified  in  the 
processes  of  nutrition,  many  of  them  passing  into  each  other  under  the 
influence  of  digestion  and  assimilation.  There  are,  no  doubt,  a great 
variety  of  these  matters  existing  in  the  body,  only  a certain  number  of 
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which  have  as  yet  been  so  distinctly  recognized  as  to  receive  specific 
names.  Many  of  them,  perhaps  all,  contain  a small  amount  of  sulphur 
in  addition  to  their  carbon,  hydrogen,  oxygen,  and  nitrogen.  Their 
chemical  relation  to  other  substances  has  not  been  found  sufficiently 
definite,  in  any  case,  to  establish  the  formula  for  their  atomic  constitu- 
tion. The  average  proportion,  however,  by  weight,  of  their  constituent 
elements,  according  to  the  tables  of  Hoppe-Seyler1  and  Frdmy,  is  as 
follows 


Average  Composition 

of  Albuminous  Matters. 

Carbon  . 

52.0 

Hydrogen 

G.9 

Nitrogen 

15.6 

Oxygen  . 

24.0 

Sulphur  . 

1.5 

100.0 

One  of  the  simpler  physical  characters  of  the  albuminous  substances 
is  that  they  are  hygroscopic.  As  met  with  in  different  parts  of  the  body, 
they  present  different  degrees  of  consistency ; some  being  nearly  solid, 
others  more  or  less  fluid.  But  on  being  subjected  to  evaporation  they 
all  lose  water,  and  may  finally  be  reduced  to  the  perfectly  solid  form. 
If  after  this  desiccation  they  be  exposed  ’ to  the  contact  of  moisture, 
they  again  absorb  water,  swell,  and  regain  their  original  mass  and  con- 
sistency. This  phenomenon  is  different  from  that  of  capillary  attrac- 
tion, by  'which  some  inorganic  substances  or  tissues  become  moistened 
-when  exposed  to  the  contact  of  water ; for  in  the  latter  case  the  water 
is  simply  entangled  mechanically  in  the  meshes  and  pores  of  the  inorganic 
body,  while  that  which  is  absorbed  by  the  albuminous  matter  is  actually 
united  with  its  substance,  and  diffused  equally  throughout  its  entire 
mass.  Every  albuminous  matter  is  naturally  united  in  this  way  with  a 
certain  quantity  of  water,  some  with  more,  some  with  less.  Thus  the 
albumen  of  the  blood  is  in  union  with  so  much  water  that  it  has  the 
fluid  form,  while  the  corresponding  substance  of  cartilage  contains  less 
and  is  of  a firmer  consistency.  The  quantity  of  water  contained  in  each 
albuminous  substance  may  be  diminished  by  artificial  desiccation,  or  by 
a deficient  supply ; but  it  cannot  be  increased  beyond  a certain  amount. 
Thus,  if  the  albumen  of  the  blood  and  the  albuminous  matter  of  carti- 
lage be  both  reduced  by  evaporation  to  a similar  degree  of  dryness,  and 
then  placed  in  water,  the  albumen  will  absorb  so  much  as  again  to  be- 
come fluid,  but  the  cartilaginous  substance  only  so  much  as  to  regain 
its  usual  nearly  solid  consistency.  Even  where  the  organic  substance, 
therefore,  as  in  the  case  of  albumen,  becomes  fluid  under  these  cir- 
cumstances, it  is  not  precisely  by  its  solution  in  water,  but  only  by  its 
reabsorption  of  that  quantity  of  fluid  with  which  it  was  naturally 

associated. 

> Handbuc.h  der  Physiologisch-  and  Pathologisch-Chemischen  Analyse.  Berlin, 
1870. 
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Another  characteristic  feature  of  the  proximate  principles  of  this 
group  is  their  property  of  coagulation.  Those  which  are  naturally  fluid 
suddenly  assume,  under  certain  conditions,  a solid  or  semi-solid  consist- 
ency They  are  then'  said  to  be  coagulated  ; and,  when  once  coagulated, 
they  cannot  usually  be  made  to  resume  their  original  condition.  This 
property  of  coagulability  is  not  only  a marked  quality  of  the  albu- 
minous matters  as  a class,  but  it  often  serves  to  distinguish  them 
from  each  other  by  the  different  special  conditions  under  which  it  is 
manifested  by  each  one.  Thus  the  substance  producing  fibrine  coagulates 
spontaneously  on  being  withdrawn  from  the  bloodvessels  ;.  albumen,  on 
beino-  subjected  to  the  temperature  of  boiling  water ; caserne,  on  being 
placed  in  contact  with  an  acid.  When  an  albuminous  substance  thus 
coagulates,  the  change  which  takes  place  is  a peculiar  one,  and  differs 
from  that  by  which  a mineral  salt  is  precipitated  from  its  watery  solu- 
tion. The  albuminous  matter,  in  coagulating,  appears  to  assume  a 
special  condition,  and  to  permanently  change  its  properties;  but,  in 
passing  into  the  solid  form,  it  still  retains  all  the  water  with  which  it 
was  previously  united.  Albumen,  when  coagulated,  retains  the  same 
quantity  of  water  in  union  with  it  which  it  held  before.  After  coagu- 
lation, this  water  may  be  driven  off  by  evaporation,  in  the  same  manner 
as  previously ; and  on  being  once  more  exposed  to  moisture,  the  organic 
matter  will  again  absorb  the  same  quantity,  though  it  will  not  assume 
the  liquid  form.  The  coagulated  substance  may  sometimes  be  dissolved 
by  certain  chemical  agents,  as  the  caustic  alkalies;  but  it  is  not  by 
this  means  restored  to  its  original  condition.  It  rather  suffers  a still 
further  alteration. 

In  many  instances  we  are  obliged  to  resort  to  coagulation  in  order 
to  separate  an  albuminous  substance  from  the  other  proximate  princi- 
ples with  which  it  is  associated.  This  is  the  case,  for  example,  with 
the  fibrine  of  the  blood,  which  is  obtained  in  the  form  of  flocculi,  by 
beating  freshly-drawn  blood  with  a bundle  of  rods.  But  when  separated 
in  this  way,  it  is  already  in  an  unnatural  condition,  and  no  longei 
represents  exactly  the  original  fluid  fibrine  as  it  existed  in  the  cii  dilating 
blood.  Nevertheless,  this  is  the  only  mode  in  which  it  can  be  examined, 
as  there  are  no  means  of  bringing  it  back  to  its  previous  condition. 

Another  important  property  of  the  albuminous  matters  is  that  they 
excite,  in  other  proximate  principles  and  in  each  other,  those  peculiar 
indirect  chemical  changes  which  have  been  termed  catalyses  or  catalytic 
transformations.  That  is  to  say,  they  produce  the  changes  icfened  to, 
not  directly,  by  combining  with  the  substance  which  suffers  alteration, 
or  with  any  of  its  ingredients ; but  simply  by  their  presence,  which 
induces  the  chemical  change  in  an  indirect  manner.  We  do  not  undei- 
stand  the  manner  in  which  these  changes  are  accomplished,  but  the 
influence  thus  exerted  by  the  albuminous  matters  is  a very  marked  one, 
and  is  of  great  importance  in  many  of  the  acts  of  animal  and  vegetable 
nutrition.  A comparatively  small  quantity  of  the  catalytic  body  is 
often  capable  of  inducing  a palpable  change  in  a large  quantity  of 
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another  substance.  The  action  of  vegetable  diastase  in  converting 
starch  into  dextrine  and  glucose  is  a process  of  this  nature;  and  it  is 
found  that  one  part  of  diastase  is  capable  of  effecting  the  transformation 
of  2000  parts  of  starch.  The  albuminous  ingredients  of  the  saliva,  of 
the  pancreatic  and  intestinal  juices,  exert  a similar  action  on  hydrated 
starch.  The  whole  process  of  digestion  and  assimilation  is  in  great 
part  made  up  of  a series  of  such  catalytic  changes,  in  which  the 
nutritious  matters  undergo  their  requisite  transformations,  by  contact 
with  special  albuminous  ingredients  of  the  blood,  the  tissues,  or  the 
secretions. 

At  a temperature  of  300°  (570°  F.)  or  over,  the  albuminous  matters, 
like  other  organic  substances,  are  destroyed  and  decomposed  into 
gaseous  products.  But  if  subjected  for  a certain  time  to  a temperature 
of  about  125°  (257°  F.),  they  undergo  a change  in  addition  to  their 
coagulation,  by  which  a distinct  and  agreeable  flavor  is  developed,  and 
by  which  they  become  suitable  for  use  as  human  food.  It  is  this  change 
which  is  produced  in  the  process  of  cooking , and  the  peculiar  flavor 
which  results  always  depends  upon  the  presence  of  a certain  quantity 
of  albuminous  matter  in  the  substance  employed.  If  the  temperature 
at  which  the  cooking  process  is  carried  on  be  too  low,  the  characteristic 
flavors  are  not  developed;  if  it  be  too  high,  they  are  destroyed  and 
replaced  by  empyreumatic  odors,  from  the  combustion  or  decomposition 
of  the  ingredients  of  the  food. 

Lastly,  the  albuminous  matters  are  distinguished  by  the  property  of 
putrefaction.  This  is  a process  by  which  dead  animal  substances, 
when  exposed  to  the  atmosphere  at  a moderately  warm  temperature, 
gradually  soften  and  liquefy  and  are  finally  decomposed,  with  the  pro- 
duction of  certain  fetid  and  unwholesome  gases,  among  which  are 
hydrogen  sulphide  and  carbide,  usually  with  more  or  less  carbonic  acid, 
nitrogen,  and  ammoniacal  vapors.  The  mixture  of  these  emanations 
causes  an  odor  which  is  easily  recognized  as  a “putrefactive  odor;” 
and  wherever  such  emanations  are  perceived,  it  is  an  indication  that 
some  substance  containing  albuminous  matters  is  undergoing  decom- 
position. As  these  albuminous  matters  are  more  abundant  in  the 
tissues  and  fluids  of  animals  than  in  those  of  vegetables,  the  phenomena 
of  putrefaction  are  also  most  distinctly  marked  in  the  decay  of  animal 
substances.  But  they  will  take  place  in  both,  under  the  requisite  con- 
ditions. A solution  of  nitrogenous  vegetable  matters  will  present  all 
the  essential  characters  of  putrefaction,  though  not  developed  with  the 
same  degree  of  intensity  as  in  fluids  of  animal  origin. 

In  order  that  putrefaction  may  take  place  certain  special  conditions 
are  necessary.  In  the  first  place  it  requires  the  access  of  atmospheric 
air,  or  of  some  fluid  containing  oxygen.  If  the  putrescible  substance 
be  first  boiled  so  as  to  expel  all  the  free  oxygen  contained  in  its  fluids, 
and  if  then,  w'hile  the  boiling  is  going  on,  it  be  inclosed  in  a heimeticalli 
sealed  vessel,  no  putrefaction  takes  place,  but  the  substance  remains 
unaltered  for  an  indefinite  time.  It  is  by  this  means  that  cooked  meats 


albuminous  matters.  83 

are  preserved  in  sealed  cans,  for  use  upon  long  voyages  or  expeditions 
' , distance  from  the  usual  base  of  supplies.  So  long  as  the  cans  aie 
kept  perfectly  closed,  their  contents  remain  sound  After  they  are 
opened  and  the  air  admitted  to  their  interior,  the  food  must  be  used  at 
once 'otherwise  it  will  begin  to  putrefy  after  the  usual  interval  of  time 
Another  essential  condition  for  putrefaction  is  the  presence  ot 
moisture.  Albuminous  substances  which  are  reduced  to  a pe  fectly 
dry  state  do  not  undergo  decomposition;  and  in  some  regions,  where  a 
hiah  temperature  and  a dry  atmosphere  favor  the  rapid  desiccation  of 
organic  substances,  this  fact  is  also  utilized  for  the  preservation  of 
meats  Immediately  after  the  animal  is  killed,  the  flesh  is  cut  into  thin 
strips  and  hung  up  to  dry  in  the  air,  and,  desiccation  being  completed 
before  putrefaction  has  commenced,  the  food  thus  prepared  is  preserved 

for  an  indefinite  time.  _ 

The  third  requisite  for  putrefaction  is  a mo* 
rature.  It  goes  on  most  rapidly  between  25  and  35  (<<  to  95  ■)• 

Below  25°  it  gradually  diminishes  in  activity,  and  ceases  altogether 
about  the  freezing  point  of  water.  Meats,  therefore,  which  are  kept 
frozen  or  closely  packed  in  ice  do  not  putrefy.  The  process  is  also 
suspended  in  all  albuminous  matters  exposed  to  winter  weather  at  the 
freezing  point.  The  carcass  of  an  extinct  mammoth  has  even  been 
found  imbedded  in  ice  in  Northern  Siberia,  which  was  in  such  a state 
of  preservation  that  its  flesh  was  used  for  food  by  dogs  and  other 
animals1  A temperature  much  above  35°  is  also  unfavorable  to  the 
putrefactive  change,  and  it  is  completely  arrested  by  a heat  approaching 
that  of  boiling  water. 


The  process  of  putrefaction 
is  accomplished  by  the  growth 
and  multiplication  of  a micro- 
scopic vegetable  organism, 
somewhat  analogous  to  that 
by  which  fermentation  is  ex- 
cited in  saccharine  fluids. 
If  any  clear  solution  con- 
taining animal  or  vegeta- 
ble albuminous  matters  be 
exposed  to  the  air  at  a 
moderate  temperature,  after 
a short  time  it  becomes  tur- 
bid. This  turbidity  is  due  to 
the  development  of  minute 
vegetable  cells,  of  very  sim- 
ple organization,  which  mul- 
tiply with  great  rapidity  in 


Fig.  18. 


Cells  ot  Bacterium  Termo;  from  a 
putrefying  infusion. 


1 M6moires  de  1’ Academic  Imp6riale  des  Sciences  de  St.  Petersbourg,  tome  5, 
p.  440. 
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the  decomposing  liquid,  and  produce  in  it,  by  their  vegetative  activity, 
the  changes  of  putrefaction.  These  cells  belong  to  the  genus  “ Bacteri- 
um,” so  called  from  their  simple  rod-like  form ; and  the  species  which 
is  invariably  to  be  found  in  putrefying  infusions  is  known  by  the 
name  of  Bacterium  termo.  The  cells  are  of  an  oblong  form,  and 
average  3 mmm.  in  length  by  0.6  mmm.  in  thickness.  They  are  usually 
double,  consisting  of  two  single  cells  placed  end  to  end.  While  actively 
growing  in  a putrefying  infusion,  they  are  in  constant  process  of  mul- 
tiplication, by  which  their  numbers  are  rapidly  increased.  The  multi- 
plication takes  place  by  spontaneous  division  of  the  cell,  by  a trans- 
verse partition  which  grows  across  its  middle.  After  a time  the  two 
cells,  thus  formed  out  of  a single  one,  separate  from  each  other,  and 
each  repeats  the  process  for  itself. 

One  of  the  most  remarkable  characters  of  the  bacterium  cells  is 
their  active  spontaneous  movement.  During  a certain  period  of  their 
development  they  are  in  incessant  and  rapid  motion  by  means  of  a 
conical  rotation  about  their  longitudinal  axis,  by  which  they  are  trans- 
ported in  various  directions  through  the  fluid  in  which  they  are  contained. 
This  motion  is  often  so  rapid  that  it  can  hardly  be  followed  by  the  ejm; 
in  other  instances  it  is  so  slow  that  its  mechanism  may  be  distinguished 
by  careful  examination.  The  movement  and  mutiplication  of  the  bac- 
terium cells  go  on  while  putrefaction  continues.  After  all  the  albumin- 
ous ingredients  of  the  infusion  have  been  decomposed,  the  liquid  again 
becomes  clear,  and  the  bacterium  cells  subside  to  the  bottom  in  a quies- 
cent whitish  layer.  A small  portion  of  this  layer  will  readily  excite 
putrefaction,  if  added  to  another  albuminous  liquid. 

As  the  bacterium  cells  effect  the  decomposition  of  albuminous  matters 
by  their  own  vegetative  activity,  it  is  for  this  reason  that  putrefaction 
is  limited  by  certain  special  conditions,  already  mentioned.  Bacteiia 
belong  to  the  group  of  colorless  cryptogamic  vegetables.  Like  other 
plants  of  this  kind,  they  assimilate  directly  organic  substances  ready 
formed,  and  at  the  same  time  absorb  oxygen  and  exhale  carbonic 
acid,  after  the  manner  of  animals.  Consequently  oxygen  is  one  of  the 
substances  essential  to  their  growth ; and,  as  putrefaction  takes  place 
only  by  means  of  their  vital  activity,  oxygen  or  atmospheiic  aii  must 
be  present  in  order  to  allow  putrefaction  to  go  on.  Fuitheimoie  the 
presence  of  moisture  is  necessary  to  their  growth,  as  it  is  to  that  of  all 
other  plants  ; and  a substance  thoroughly  dried  cannot  putrefy , since  no 
vegetative  development  is  possible  in  the  total  absence  of  moistuie.  A 
certain  degree  of  warmth  is  also  essential  to  the  continued  growth  of 
these  bodies.  Their  development  is  suspended  by  a freezing  tempera- 
ture, and  their  vitality  is  destroyed  by  prolonged  contact  with  boiling 
water. 

Lastly,  a certain  amount  of  albuminous  matter  is  necessary  foi  ie 
nutrition  of  bacteria.  Their  cells  may  remain  indefinitely,  in  a quies- 
cent condition,  suspended  in  other  fluids  or  even  in  puie  watei , but 
for  their  active  development  and  multiplication  they  require  the  pre- 
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senoe  of  albuminous  matters,  which  appear  to  supply  the  necessary 
• l f,r  their  growth.  They  decompose  these  substances  theielote 
CS ^^iK  i."hlgredie,1tsiu  the  process  of  vegetable  nutrition, 
Sd  the  P treSetive  gases  are  the  final  result  of  the  changes  thus  tak.ng 
place,  just  as  alcohol  and  carbonic  acid  are  produced  m the  ferments- 

tion  of  saccharine  liquids.  „„„„„„ 

Fermentation  and  putrefaction,  accordingly,  are  analogous  processes, 

in  which  certain  materials  are  decomposed  under  the  rnhuence  of  mm  o- 
scopic  vegetation.  The  former  takes  place  m saccharine  fluids,  the 
latter  in  those  containing  albuminous  matter;  since  t e yeas  pan 
requires  for  its  growth  a preponderance  of 

bonaceous  matter,  while  bacterium  cells  are  nourished  mainly  by 

absorption  of  nitrogenous  substances.  _ 

The  following  table  shows  the  proportion  of  albuminous  mattei, 

according  to  Payen,  in  different  substances  used  as  food:— 

Quantity  of  Albuminous  Matter  in  100  parts  in 

Beef  flesh  . 

Fowl’s  eggs 
Mackerel  . 

Salmon 
Oysters  • . 

Beans  (dry) 

Peas  “ . 

The  first  formation  of  albuminous  matter  takes  place  in  vegetables, 
subsequent  to  the  production  of  the  non-nitrogenous  organic  substances 
starch  and  glucose,  by  the  union  of  these  last  with  nitrogen  derived 
from  the  inorganic  salts.  Green  plants,  which  have  the  power  of  gene- 
rating the  carbohydrates  from  carbonic  acid  and  water,  if  supplied  with 
moisture  containing  nitrates  or  ammonium  salts  in  solution,  are  known 
to  grow  vigorously  and  increase  many  fold  their  contents  of  albuminous 
matter.1  These  salts  must  therefore  have  supplied  the  nitrogen  requisite 
for  the  formation  of  the  nitrogenous  substances.  The  sulphur,  which 
also  enters  into  the  composition  of  these  substances,  is  derived  by  the 
plants  from  a reduction  of  the  soluble  sulphates  contained  in  the  soil. 

Notwithstanding  the  very  marked  and  important  peculiarities  which 
distinguish  the  albuminous  matters  as  a group,  there  are  many  of  these 
substances  which  differ  from  each  other  by  a variety  of  secondary  char- 
acters.  It  is  possible  that  some  of  those  now  designated  by  specific 
names  may  really  be  mixtures  of  two  or  more  distinct  substances  ; but 
the  classification  at  present  in  use  expresses  the  distinguishing  marks 
of  the  more  important  varieties,  so  far  as  they  are  yet  known. 


19.50 

Wheat  grains  . 

12.35 

Rye  . 

24.31 

Oats  . 

13.58 

Indian  corn 

14.01 

Rice  . 

24.40 

Potatoes  . 

23.80 

Sweet  potatoes 

18.03 

12.50 

14.39 

12.50 

7.55 

2.50 

1.50 


Fibrine. 

Fibrine  is  found  in  the  plasma  of  the  blood,  where  it  exists  in  the 
proportion,  on  the  average,  of  three  parts  per  thousand.  It  is. also 

1 Mayer,  Lehrbuch  der  Agrikultur-Cbemie,  Band  i.  pp.  145,  150. 
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present  in  small  quantity  in  the  lymph  and  in  the  chyle.  It  is  this  sub- 
stance .which  is  distinguished  by  its  property  of  “ spontaneous  coagula- 
tion that  is,  it  coagulates  on  being  withdrawn  from  the  vascular 
system,  without  the  addition  of  any  physical  or  chemical  reagent.  It 
is  the  coagulating  element  of  the  blood  ; and  the  power  of  freshly  drawn 
blood  to  form  a clot  depends  upon  its  presence  as  an  ingredient  of  the 
circulating  fluid.  The  term  fibrine  properly  represents,  not  the  solid 
clot  obtained  by  coagulation,  but  the  fluid  substance  existing  before- 
hand in  the  blood,  and  which  becomes  solidified  after  its  withdrawal. 
It  is  regarded  by  some  as  generated  by  the  union  of  two  pre-existing 
substances  ; by  others,  as  produced  from  the  decomposition  of  one.  As 
we  have,  however,  but  little  opportunity  of  studying  it  while  still  forming 
a part  of  the  fluid  plasma,  our  knowledge  is  mainly  confined  to  its  pro- 
perties in  the  solidified  form.  It  is  obtained  by  stirring  the  freshly 
drawn  blood  with  glass  rods  or  a bundle  of  twigs,  and  afterward  washing 
the  deposited  clots  with  distilled  water  until  the  adherent  coloring 
matter  is  removed. 

Coagulated  fibrine  is  a colorless,  tolerably  firm,  extensible,  and 
elastic  substance,  which  has,  under  the  microscope,  a finely  fibrillated 
texture.  It  is  insoluble  in  water,  but  in  solutions  of  the  caustic  alkalies 
or  the  alkaline  carbonates  it  becomes  gelatinous,  and  is  after  a time,  by 
the  aid  of  warmth,  partially  dissolved.  Some  of  the  free  acids,  as  hydro- 
chloric, acetic,  lactic,  or  phosphoric  acid,  have  a similar  effect.  If  it  be 
heated  in  water  or  in  a neutral  liquid  to  *12°  (1G2°  F-),  it  becomes  con- 
tracted, white,  and  opaque,  and  less  extensible  than  before. 

An  albuminous  matter  very  similar  in  its  physical  properties  to  animal 
fibrine,  exists  in  certain  vegetable  substances,  especially  in  wheat  flour, 
where  it  is  known  as  gluten.  When  freed  from  the  admixtuie  of  other 
ingredients,  it  is  tenacious,  extensible,  elastic,  insoluble  in  water,  and 
slowly  soluble  in  dilute  alkalies.  Its  property  of  tenacity  and  its 
nitrogenous  character  make  it  an  important  constituent  of  wheat  flour 
in  the  manufacture  of  bread. 


Albumen. 

Albumen  is  found  abundantly  in  the  plasma  of  the  blood,  also  in  the 
lymph,  the  pericardial  and  cephalo-rachidian  fluids,  and  in  very  sma 
quantity  in  the  saliva  and  in  the  milk.  It  is  not  spontaneously  coagu- 
lable,  but  coagulates  promptly  when  heated  in  its  liquid  form  to  a 
temperature  of  1 2°  (162°  F.),  and  its  coagulum  is  again  soluble  in  the 
caustic  alkalies.  It  is  also  coagulated  by  contact  with  nitric  or  sul- 
phuric acid,  alcohol,  or  the  metallic  salts.  The  organic  acids  as  acetic, 
lactic,  or  tartaric  acid,  do  not  affect  it ; but  if  it  be  first  slightly  acidu- 
lated by  dilute  acetic  acid,  it  may  be  precipitated  by  a solution  o 
potassium  ferrocyanide.  This  is  one  of  the  most  delicate  tests  for  the 
presence  of  albumen,  but  it  is  usually  recognized  from  its  coagulability 
by  heat  and  nitric  acid.  When  dissolved  in  a fluid  of  neutral  reaction, 
it  rotates  the  plane  of  polarization  to  the  left  5fi°. 
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The  white  of  the  fowl’s  egg  is  mainly  composed  of  a substance  also 
called  albumen,  and  which  corresponds  with  the  albumen  of.  blood 
in  its  coagulability  by  heat,  nitric  acid,  alcohol,  and  the  metallic  salts. 

It  is  distinguished  from  the  preceding  mainly  by  its  coagulability  by 
ether  which  has  no  effect  on  the  albumen  of  blood.  It  rotates  the 

^"0“  and  espeeiaUy  ft.  — * 

plants,  contain  a substance  coagulable  by  heat,  which  has  been  ca  e 
vegetable  albumen.  It  may  also  be  obtained  from  the  cereal  giains  y 
extraction  with  water,  and  resembles  in  its  principal  chemical  xeactions 
the  albumen  derived  from  animal  sources. 

Albuminose. 

This  substance  is  closely  related  to  albumen  by  its  chemical  composi- 
tion and  its  general  characters.  It  is  not  coagulated,  however,  by  either 
heat,  nitric  acid,  or  acidulated  potassium  ferrocyamde  but  only  by  the 
metallic  salts  and  alcohol  in  excess.  It  is  also  distinguished  by  its 
ready  diffusibility  through  animal  membranes  or  parchment  papei  , w 1 e 
albumen,  and  all  other  liquid  albuminous  matters,  pass  through  these 
membranes  either  not  at  all  or  only  with  great  difficulty.  Coagulated 
albumen  and  all  other  digestible  albuminous  matters  are  converted 
into  albuminose  by  the  action  of  gastric  juice.  They  thus  become 
liquefied  and  incapable  of  coagulation  by  heat.  Owing  to  the  origin  o 
these  products  from  the  digestive  act  they  are  designated  by  several 
writers  under  the  name  of  peptones;  and  a variety  of  them  are  miume- 
rated,  but  their  distinctive  characters  are  not  very  sharply  defined. 
Albuminose  is  found  in  the  fluids  of  the  stomach  and  small  intestine 
during  digestion,  and  exists  also  in  the  blood  in  the  proportion  of  two 

to  three  parts  per  thousand.  _ . 

Albuminose  in  solution  has  the  property  of  modifying  certain  well- 
known  chemical  reactions.  It  interferes  especially  with  the  reduction 
of  the  copper  oxide  in  Trommer’s  test.  If  a small  quantity  of  glucose 
be  dissolved  in  gastric  juice  containing  albuminose,  and  Trommer’s  test 
applied,  no  peculiarity  is  observed  on  first  dropping  in  the  copper 
sulphate ; but  on  the  addition  of  potassium  hydrate,  the  mixture  takes 
a rich  purple  hue,  instead  of  the  clear  blue  tinge  which  is  presented 
under  ordinary  circumstances.  On  boiling,  the  color  changes  to  claiet, 
cherry  red,  and  finally  to  a light  yellow ; but  no  copper  oxide  is 
deposited,  and  the  fluid  remains  clear.  If  albuminose  be  present  only 
in  small  quantity,  an  incomplete  reduction  of  the  copper  takes  place, 
so  that  the  mixture  becomes  opaline  and  cloudy,  but  still  without  any 
well  marked  deposit.  This  interference  will  take  place  when  sugar  is 
present  in  very  large  proportion.  We  have  found  that  gastric  juice, 
drawn  from  the  dog’s  stomach  during  digestion,  may  sometimes  be 
mixed  with  an  equal  volume  of  honey  without  giving  any  deposit  ol 
copper  on  the  application  of  Trommer’s  test.  If  such  a mixture,  how- 
ever, be  previously  diluted  with  water,  it  will  often  fail  to  prevent  the 
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reduction  and  deposit  of  the  copper  oxide.  The  peculiar  action  above 
described  depends  upon  the  presence  of  albuminose,  and  not  upon  that 
of  any  original  ingredient  of  the  gastric  juice  ; since  it  is  not  exhibited 
by  the  perfectly  clear  and  colorless  juice,  obtained  from  the  empty 
stomach  of  the  fasting  animal  by  irritation  of  the  mucous  membrane 
with  a glass  rod  or  metallic  catheter  ; while  the  same  fluid,  if  macerated 
for  a time  with  finely  chopped  meat  at  a temperature  of  38°  (100°  F.), 
will  be  found  to  have  acquired  the  property  in  a marked  degree.  Gas- 
tric juice,  furthermore,  drawn  from  the  stomach  after  digestion  has 
been  going  on  for  half  an  hour  or  more,  always  contains  a certain 
quantity  of  albuminose,  and  consequently  interferes,  as  above  described, 


with  Trommer’s  test. 

Albuminose,  if  present  in  notable  quantity,  will  also  interfere  with  the 
mutual  reaction  of  starch  and  iodine.  If  gastric  juice,  containing  albu- 
minose, be  mingled  with  an  equal  volume  of  iodine  water,  and  a solution 
of  starch  be  subsequently  added,  no  blue  color  is  produced ; though  if 
the  iodine  water  be  added  in  excess,  or  if  the  tincture  of  iodine  be  used 
instead  of  its  aqueous  solution,  the  superabundant  iodine  then  com- 
bines with  the  starch,  and  produces  the  ordinary  blue  color.  This 
property,  like  that  described  above,  is  not  possessed  by  pure,  colorless 
gastric  juice,  taken  from  the  empty  stomach,  but  is  acquired  by  it  on 
being  digested  with  albuminoid  substances. 

Accordingly,  in  testing  for  the  presence  of  glucose  in  fluids  which  are 
liable  to  contain  albuminose  or  other  organic  substances  of  similai 
character,  the  precaution  must  always  be  adopted  of  first  eliminating 
the  albuminous  matters  which  might  interfere  with  the  test.  This  may 
be  done  in  either  of  two  ways : first,  by  evaporating  the  fluid  to  dryness 
over  the  water  bath,  and  extracting  the  dry  residue  with  alcohol,  which 
takes  up  the  sugar,  but  leaves  behind  the  albuminous  matters.  The 
alcoholic  solution  may  then  be  filtered  and  evaporated,  and  the  evapo- 
rated residue  dissolved  in  water,  when  it  will  respond  to  Tiommei  s te 
if  glucose  be  present.  Or,  secondly,  the  fluid  may  be  treated  with  am- 
J charcoal,  which  retains  the  albuminous  matters,  and  allows  the 
glucose  to  pass  through  in  watery  solution. 


Caseine. 

This  is  the  principal  albuminous  ingredient  of  milk  the  only  animal 
fluid  in  which  it  is  certainly  known  to  exist.  It  is  called  caserne,  be- 
cause when  solidified,  it  forms  the  substance  of  cheese  It  is  not 
affected  by  a boiling  temperature,  but  coagulates  on  the  addition  of  any 

It  is  also  bs memwe  of  t.,e 

the  .«* 
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A nitrogenous  substance,  termed  vegetable  caseine , exists  abundantly- 
in  peas  aud  beans,  where  it  is  known  as  “ legumine.  It  is  found 
also  in  small  quantity  in  oats,  in  the  potato,  and  in  the  juices  ot  many 
plants.  It  resembles  the  caseine  of  milk  in  not  being  affected  by  a 
boiling  temperature,  and  in  its  coagulability  by  the  organic  acids  and 
magnesium  sulphate. 

Ptyaline 

Is  an  ingredient  of  the  saliva,  to  which  it  communicates  the  property 
of  converting  hydrated  starch  into  glucose.  From  this  circumstance  it 
has  sometimes  been  called  “animal  diastase.”  It  differs  from  albumen 
in  many  of  its  characters,  and  is  not  coagulated  by  nitric  acid  nor  by 
potassium  ferrocyanide  in  an  acidulated  solution.  On  the  other  hand, 
it  is  precipitated  by  alcohol  in  excess,  and  by  a boiling  temperature ; 
but  while,  after  precipitation  by  alcohol,  it  may  be  redissolved  in  water 
with  all  its  original  properties,  the  action  of  heat  produces  in  it  a per- 
manent alteration,  and  saliva  which  has  once  been  boiled  and  allowed 
to  cool  is  found  to  have  lost  its  power  of  converting  starch.  Ptyaline 
can  also  be  thrown  down  by  adding  to  the  saliva  dilute  phosphoric  acid,, 
and  afterward  neutralizing  the  solution  with  lime  water.  The  precipi- 
tate of  lime  phosphate  thus  produced  brings  down  with  it  the  ptyaline, 
which  may  afterward  be  redissolved  in  water,  and  again  separately 
precipitated  by  alcohol.  Ptyaline  does  not  constitute  the  whole  of  the 
organic  ingredients  of  the  saliva,  but  is  mingled  in  the  secretion  with, 
other  albuminous  substances. 

Pepsine 

Is  the  albuminous  matter  of  the  gastric  juice,  where  it  is  found  in  the  pro- 
portion of  fifteen  parts  per  thousand.  It  is  this  substance  which  effects 
the  conversion  of  nitrogenous  matters  into  albuminose  in  the  digestive 
process.  It  requires,  however,  in  order  to  exert  this  action,  to  be  dis- 
solved in  an  acidulated  liquid.  It  also  causes  the  coagulation  of  caseine, 
when  first  brought  in  contact  with  that  substance.  It  is  coagulated  by 
a boiling  temperature,  and  when  once  subjected  to  the  action  of  heat 
loses  permanentlj'  its  digestive  power.  It  is  also  thrown  down  by  alco- 
hol in  excess,  but  may  be  redissolved  in  water  after  removal  of  the 
alcohol.  Pepsine  is  produced  in  the  glandular  follicles  of  the  stomach, 
and  there  mingled  with  the  other  ingredients  of  the  gastric  juice. 

Pancreatine. 

This  is  the  characteristic  ingredient  of  the  pancreatic  juice,  where  it 
is  very  abundant ; being  present  in  the  proportion  of  a little  over  ninety 
parts  per  thousand.  It  is  coagulable  by  heat,  nitric  acid,  alcohol,  and 
the  metallic  salts ; in  these  respects  resembling  albumen.  Butt  it  is 
also  coagulated  by  magnesium  sulphate,  which  has  no  effect  on  albumen. 
It  is  further  distinguished  by  the  fact  that,  after  precipitation  by  alcohol, 
it  may  be  again  dissolved  in  water,  and  its  solution  exhibits  the  same 
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albuminous  consistency  which  belongs  to  fresh  pancreatic  juice.  It  has 
the  power  of  emulsifying  fatty  matters  with  great  rapidity  at  the  tern- 
perature  of  the  living  body,  and  also  of  saponifying  a certain  portion  ol 
them  by  the  production  of  a fatty  acid.  It  is  believed  by  some  observers 
that  the  pancreatine  of  pancreatic  juice  is  a mixture  ol  several  su  - 
stances  ; one  of  which,  like  ptyaline,  is  active  in  the  of 

while  another  aids  in  the  liquefaction  ol  albuminous  matteis,  and  a third 

has  the  property  of  acting  upon  fats. 

Mucosine. 

There  are  a variety  of  secretions  in  the  body  which  are  designated 
by  the  common  name  of  “mucus,”  and  which  are  distinguished  by  a 
peculiar  physical  character  of  viscidity.  This  viscid  consistency  is 
given  to  them  by  the  presence  of  a substance  termed  «f 

bronchial  tubes  and  intestine, 

are  nearly  fluid,  while  others,  like  that  of  the  cervix  uteri  during  pre - 
aie  uoaiiy  , t'  l Tt  n aiso  present  m abundant 

nancy,  are  gelatinous  and  semi-soli  . the  saliva  of  the  submaxillary 

proportion  in  the  synovia,  the  bile,  a i.. , * 

and  sublingual  glands  Thc  secretion  °f^e  ^C°  coagulated  by 

It  taTmarkahly  unaffected  by  the  metallic  Baits  lead  sub- 

acetate  being  the  of  the 

some  cases,  as  m the  bile,  it  is  disso  action  of  aicohol.  In 

suspended,  and  subsides 

as  a light  deposit  after  a few  hours  repose. 

Myosine. 

i , _ .p  ofrinpd  muscular  fibres  contains  an 

The  contractile  substance  of  the  stuped  muse 

albuminous  matter  which  after  lose ’their  contractility  and 

blood-plasma;  at  the  same  time  t Nation  Qf  this 

assume  .be  condition  of  cad=  ng-Jg-  e— 

w Sue  from  tfe  muscular  ‘tissue  of  frogs,  by  the  following  process  : 
by  ivunne,  noi  rlpnvived  of  blood  by  an  injection  of  a £ pei 

The  vascular  system  « ' The  muscles,  thoroughly  washed, 

"^r^rstoa^^^-0^ 

:x,y -J;  pt: : & VetLrrquid  ^ 

taneously  at  ordinary  tempeiatures.  ith  ut  fibrillated  texture. 

Coagulated  ““nStmted  solutions  of  common  salt  ; 

It  IS  insoluble  m water  a ma<jQ  jn  the  proportion  ot 

but  is  dissolved  by  a watery  so  .w  ’ ‘ le8  after  death  by 

ten  per  cent,  or  less.  It  is  exti  acted  fiom  t solution  of 

bruising  the  muscular  tissue  to  a pulp  m a 1 
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sodium  chloride,  filtering  the  expressed  liquid,  and  then  precipitating 
the  dissolved  myosine  by  dropping  the  clear  solution  into  distilled 
water.  It  may  also  be  precipitated  by  adding  sodium  chloride  in  sub- 
stance, and  thus  increasing  the  strength  of  the  solution.  Myosine  is 
distinguished  from  the  fibrine  of  the  blood  by  its  complete  solubility 
in  saline  solutions  of  a certain  strength,  as  well  as  in  dilute  acids  and 
alkalies.  When  dissolved  in  a neutral  saline  fluid  it  is  coagulable  by 
heat,  like  the  albumen  of  blood. 

The  preceding  substances  are  all  naturally  liquid,  or  nearly  so,  in  con- 
sistency, and  form  constituent  parts  of  the  various  animal  fluids  and 
juices.  The  following  are  ingredients  of  the  solid  tissues. 

Collagen. 

This  substance  is  very  widely  diffused  in  the  animal  body,  forming 
the  more  or  less  homogeneous  interstitial  mass  of  the  bones,  perios- 
teum, tendons,  ligaments,  fasciae,  and  connective  tissues  generally.  All 
these  tissues,  although  at  first  insoluble,  after  long  ebullition  dissolve 
in  the  boiliug  water;  and  the  substance  thus  dissolved  solidifies  on  cool- 
ing into  a jelly-like  mass.  This  substance  is  gelatine , or  the  animal 
principle  of  glue.  Gelatine,  however,  does  not  exist  as  su,ch  in  the 
osseous  and  fibrous  tissues  in  their  natural  condition,  but  is  evidently 
the  result  of  a transformation  produced  by  long  boiling.  The  original 
body  of  which  these  tissues  are  mainly  composed  is  termed  “collagen;” 
that  is,  a substance  which  produces  gelatine  or  glue.  The  conversion 
of  collagen  into  gelatine  is  a simple  transformation,  and  neither  a decom- 
position nor  combination,  since  it  is  not  accompanied  by  any  increase  or 
diminution  of  weight. 

The  gelatine  produced  by  the  action  of  boiling  water  on  collagen, 
when  present  in  the  proportion  of  ten  parts  per  thousand,  solidifies  on 
cooling ; below  this  proportion,  or  if  the  boiling  be  repeated,  it  may 
remain  liquid.  Its  solution  rotates  the  plane  of  polarization  to  the 
left  130°.  It  is  precipitated  by  alcohol  and  by  tannic  acid.  The  last, 
which  is  the  only  acid  by  which  this  substance  is  precipitated,  is  a 
very  sensitive  test  of  its  presence ; and,  according  to  Hardy,1  will  de- 
tect one  part  of  gelatine  in  5000  parts  of  water.  A similar  combination 
no  doubt  takes  place,  in  the  process  of  tanning,  between  tannic  acid 
and  the  original  collagen  of  the  fibrous  tissues,  by  which  they  are  ren- 
dered harder,  more  impermeable  to  water,  and  incapable  of  putrefac- 
tion. Gelatine  is  not  affected  by  potassium  ferrocyanide  with  acetic 
acid,  nor  by  lead  subacetate. 

Chondrine. 

The  amorphous  intercellular  substance  of  cartilage  resembles  that 
of  the  bones  and  the  fibrous  tissues  in  being  changed  by  prolonged  boil- 
ing with  water  into  a substance  which  will  gelatinize  on  cooling.  In 


1 Ohimie  Biologique.  Paris,  1871,  p.  282. 
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the  case  of  the  cartilages,  however,  this  substance  is  termed  chondrine , 
from  the  source  from  which  it  is  derived.  Chondrine  corresponds  with 
gelatine  in  most  of  its  characters,  but  differs  from  it  in  being  precipitated 
from  its  watery  solution  by  both  acetic  acid  and  lead  subacetate.  It 
rotates  the  plane  of  polarization  to  the  left  213°. 5. 

Elasticine. 

The  fibres  of  all  the  yellow  elastic  tissues , as  that  in  the  middle  coat 
of  the  larger  arteries,  the  elastic  ligaments  of  the  spinal  column,  and  the 
ligamentum  nuchse,  mainly  consist  of  a homogeneous  substance  which 
possesses  all  the  physical  properties  of  the  fibre  itself,  and  is  furthermoi  e 
distinguished  by  its  extremely  refractory  nature  toward  most  chemical 
reagents.  It  is  obtained  by  boiling  the  elastic  fibres  successively  v ith 
alcohol,  ether,  water,  acetic  acid,  dilute  soda  solution,  and  dilute  hydro- 
chloric acid.  The  elasticine  is  thus  purified  from  other  ingredients,  but 
is  not  itself  soluble  in  either  of  the  above  reagents.  It  is  not  converted 
into  gelatine  even  by  long  boiling  ; and  it  is  dissolved,  but,  at  the 
same  time,  decomposed,  only  by  the  concentrated  acids  and  alkalies. 
The  slender  elastic  fibres  mingled  with  connective  tissue,  and  the  sarco- 
lemma  of  the  striped  muscular  fibres,  are  probably  composed  of  the 
same  substance. 

Keratine. 

Under  this  name  is  known  the  exceedingly  resisting  and  indestruc- 
tible substance  of  the  hair,  nails,  epidermis,  feathers,  and  all  homy 
tissues.  It  is  unaffected  by  boiling  with  alcohol,  ether,  watei,  and  the 
dilute  acids.  By  continuous  boiling  in  a Papin’s  digester  at  150  ° (302°  F.) 
it  is  liquefied  and  partly  decomposed.  It  is  distinguished  from  the 
preceding  substance  by  containing  sulphur  as  an  ingredient,  which  is 
not  present  in  elasticine.  Keratine,  accordingly,  when  decomposed  by 
boiling  under  pressure  or  with  concentrated  alkalies,  gives  rise  to  hydro- 
gen sulphide  vapors. 

It  is  evident  that  the  albuminous  substances,  under  different  forms, 
constitute  a large  and  important  part  of  the  mass  of  the  body ; and  as 
they  are  during  life  in  a constant  state  of  active  alteration,  they  require 
for  their  maintenance  an  abundant  supply  of  similar  ingredients  in  the 
food.  All  highly  nutritious  articles  of  diet  contain  more  or  less  of 
these  substances.  According  to  the  estimates  of  Payen,  which  corre- 
spond very  closely  in  their  gross  results  with  our  own  observations,  an 
adult  man  requires  a daily  supply  of  about  130  grammes  of  albuminous 
matter  to  provide  for  the  wants  of  the  system  ; and  this  quantity  is 

actually  contained  in  the  food  consumed. 

But  although  nitrogenous  matter  is  thus  abundantly  supplied  to  the 
system  from  without,  yet  the  particular  kinds  of  albuminous  substances 
characteristic  of  the  various  tissues  and  fluids  are  formed  within  the 
body  in  the  process  of  digestion  and  assimilation,  by  transformation  ot 
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those  which  are  introduced  with  the  food.  A large  part  of  the  albu- 
minous matters  of  the  food  are  derived  from  vegetables,  and,  though 
closely  related  to  the  corresponding  animal  substances,  are  not  pre- 
cisely identical  with  them.  Even  the  animal  albuminous  matters  used 
for  food,  as  the  albumen  of  eggs,  the  caseine  ot  milk,  and  the  sub- 
stance of  muscular  flesh,  are  usually  taken  in  the  coagulated  form,  and 
suffer  still  further  changes  before  they  become  converted  into  the  albu- 
men of  the  blood.  From  their  subsequent  metamorphoses  in  the  act 
of  nutrition  they  are  transformed  into  the  many  specific  varieties  of 
albuminous  matter  peculiar  to  the  different  tissues  and  fluids. 

Only  a very  small  proportion  of  these  substances  is  discharged  with 
the  excretions.  The  albuminous  ingredients  of  the  perspiration  and 
sebaceous  matter,  and  the  mucus  of  the  urinary  bladder  and  large  intes- 
tine are  almost  the  only  ones  which  find  an  exit  from  the  body  in  this 
way.  A minute  quantity  of  albuminous  matter  is  exhaled  in  a vola- 
tile form  with  the  breath,  and  a little  also,  in  all  probability,  from  the 
cutaneous  surface.  But  the  entire  quantity  so  discharged  bears  an 
insignificant  proportion  to  that  which  is  daily  introduced  with  the  food. 
The  albuminous  substances,  accordingly,  are  decomposed  in  the  interior 
of  the  body.  They  are  transformed  by  the  process  of  destructive  assi- 
milation, and  their  elements  are  finally  eliminated  and  discharged  under 
other  forms  of  combination. 


CHAPTER  Y. 

COLORING  MATTERS. 


There  are  found,  in  various  parts  of  the  animal  body,  a number  of 
substances  which  are  distinguished  by  imparting  to  the  tissues  and 
fluids  a distinct  and  characteristic  coloration.  Notwithstanding  the 
evident  physiological  importance  of  these  substances,  and  the  striking 
character  of  their  optical  properties,  they  have  proved  in  many  re- 
spects more  difficult  of  study  than  the  other  proximate  principles ; 
and  with  regard  to  several  of  them  our  knowledge  is  still  very  imper- 
fect. In  some  instances  this  is  partly  due  to  the  comparatively  small 
quantity  in  which  they  occur,  in  others  to  the  extreme  readiness  with 
which  they  are  decomposed  or  altered  in  the  process  of  separation.  In 
some  cases  it  has  been  found  difficult  to  decide  whether  a variation  of 
tint  be  due  to  the  different  proportions  of  one  or  more  different  color- 
ing matters  or  to  the  varying  degrees  of  concentration  of  a single  one; 

The  coloring  matters  are  all  nitrogenous  compounds,  but  differ  in 
essential  particulars  from  the  albuminous  substances.  Those  which 
have  been  most  fully  examined  are  known  to  be  crystallizable  ; and  it  is 
possible  that  all  of  them  might  be  obtained  in  a crystalline  form,  could 
they  be  completely  separated  without  decomposition.  The  most  abun- 
dant of  all,  and  that  which  possesses  the  most  important  physiologica 
properties,  is  the  red  coloring  matter  of  the  blood.  It  appears  to  be 
analogous  in  many  respects  to  the  gfeen  matter  of  the  leaves  and  leaf- 
like  organs  in  the  vegetable  world.  Each  of  these  two  coloring  matters 
is  the  most  abundant  and  widely  diffused  in  its  own  kingdom,  and  is 
distinguished  by  the  identity  of  its  characters  in  many  different  species 
of  animals  and  plants  respectively;  and  while  the  red  coloring  matter 
of  the  blood,  on  the  one  hand,  is  the  agent  by  which  oxygen  is  absorbed 
and  distributed  in  the  animal  body,  on  the  other,  it  is  the  green  coloring 
matter  of  plants  by  which  carbonic  acid  and  water  are  decomposed  and 
oxyo-en  set  free  in  the  act  of  vegetation.  It  is  believed  by  many  ob- 
servers that  all  the  coloring  matters  of  the  animal  body,  at  least ) m man 
and  the  vertebrate  animals,  are  derived  by  transformation  from  the 
coloring  matter  of  the  blood ; and  although  we  have  no  compete  expen- 
mental  evidence  that  this  is  true  in  all  cases,  yet  it  is  evident  that  these 
substances  have  a close  physiological  relation  with  each  other,  perhaps 
as  distinct  and  real  as  that  which  exists  between  the  various  members 

of  the  albuminous  or  saccharine  groups.  . , f 

The  organic  coloring  matters  may  be  conveniently  amoved  from 
liquids  containing  them  by  the  action  of  animal  charcoal,  that  rs, 

(94) 
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carbon  derived  from  the  imperfect  combustion  of  animal  substances. 
Burned  bones  are  generally  employed  for  this  purpose,  the.r  combustion 
having  been  carried  on  with  a scanty  supply  of  air,  so  that  while  the 

hXlen  nitrogen,  and  oxygen  are  driven  off  in  the  form  of  gaseous 
hydr ogen , n ^ behind.  If  a fluid  containing  either 

ofThe  coloring  matters  be  mixed  with  a sufficient  quantity  of  this  char- 
coal and  filtered,  the  filtered  fluid  will  pass  through  colorless  A lu- 
minous substances  are  also  retained  upon  the  filter  when  treated  with 
animal  charcoal;  while  glucose  and  other  crystallizable  and  saline  mat- 

— °f 

the  blood,  the  blackish-brown  solid  tissues,  the  bile,  and  the  uime. 
Hemoglobine,  C900H000N15tFe,S3O179. . 

This  is  the  coloring  matter  of  the  red  globules  of  the  blood,  the  most 
abundant  and  important  of  all  the  substances  belonging  to  this  group 
It  constitutes  much  the  largest  proportion  of  the  solid  “^ents  o 
the  blood-globules,  amounting  in  all  probabdity  to  from  25  to  per 
cent,  of  their  weight  in  the 


fresh  condition.  It  is  also 
found,  in  much  smaller  quan- 
tity, in  the  substance  of  the 
muscular  tissue,  of  which  it 
forms  the  coloring  principle. 
It  crystallizes  in  well  marked 
forms,  which  vary  somewhat 
in  different  species  of  ani- 
mals ; but  are  all,  so  far  as 
accurately  known,  either 
rhombic  or  hexagonal  tables 
or  prisms.  It  is  soluble  in 
water,  in  very  dilute  alcohol, 
and  in  dilute  solutions  of 
albumen,  of  the  alkalies  and 
their  carbonates,  and  of  so- 
dium and  ammonium  phos- 
phates. It  is  insoluble  in 


Fig.  19. 


Hemoglobine  Obtstalb;  from  human  blood. 
(Funke.) 


strong  alcohol,  in  ether,  and 

in  the  volatile  and  fatty  oils.  In  almost  every  condition  it  is  readily 
decomposed.  According  to  Preyer,1  crystals  which  have  been  thoroughly 
dried  at  a temperature  below  the  freezing  point  become,  after  a time, 
decomposed,  and  lose  their  color  and  solubility,  even  at  ordinary  tem- 
peratures. A watery  solution  of  hemoglobine  kept  at  any  temperature 
above  0°  (32°  F.)  becomes  altered  in  the  course  of  twenty-four  hours, 
and  if  heated  to  64°  (147°  F.)  it  is  at  tmce  decomposed. 


1 Die  Blutkrystalle.  Jena,  1871,  p.  58. 
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Hemoglobine,  both  crystallized  and  in  watery  solution,  has  the  clear 
bright  red  color  of  arterial  blood.  It  is  distinguished  beyond  all  other 

known  ingredients  of  the 


Fig.  20. 


Hemoglobine  Crystals;  from  dog-faced 
baboon.  (Preyer.) 


body,  by  its  capacity  for  ab- 
sorbing oxygen,  which  it 
retains  in  the  form  of  a loose 
combination.  According  to 
the  average  result  of  various 
experiments  one  gramme  of 
hemoglobine  in  watery  solu- 
tion will  absorb  1.27  cubic 
centimetres  of  oxygen.  The 
oxygen  thus  absorbed  is 
again  given  olf  under  the  in- 
fluence of  diminished  pres- 
sure, heat,  or  the  continued 
displacing  action  of  hydro- 
gen or  nitrogen  gas.  The 
coloring  matter  is  accord- 
ingly known  under  two  dif- 
ferent forms,  namely,  that 
of  “ oxidized”  hemoglobine, 
containing  an  excess  of  loosely  combined  oxygen,  and  that  of  “ reduced” 
hemoglobine,  in  which  the  surplus  oxygen  has  been  removed.  1 he  color 
of  hemoglobine  varies  according  to  these  two  conditions,  being  bright 
red  in  the  oxidized  form,  and  dark  purple  when  deoxidized.  the 
presence  of  hemoglobine  in  either  one  of  these  two  conditions  is  the 
cause  of  the  color  of  arterial  and  venous  blood. 

A marked  feature  in  the  chemical  constitution  of  hemoglobine  is  that 
it  contains  iron.  This  fact  is  the  more  important  because  it  is  the  only 
substance  in  the  animal  body,  excepting  hair,  which  contains  iron  in 
any  considerable  amount,  and  because  iron  is  also  an  indispensable 
requisite  for  the  formation  of  the  green  coloring  matter  of  plants. 
Experiment  has  shown  that  without  the  presence  of  iron  vegetation 
cannot  go  on ; and  there  is  every  reason  to  believe  that  iron  is  equally 
essential  to  the  constitution  of  the  animal  coloring  matter,  and  thus 
indirectly  to  the  general  nutrition  of  the  animal  body.  It  is  present 
in  hemoglobine,  in  all  probability,  not  in  the  form  of  a distinct  oxide, 
but  directly  combined,  like  sulphur,  with  the  carbon,  hydrogen,  nitro- 
gen, and  oxygen  which  form  the  remainder  of  its  substance. 

One  thousand  parts  of  hemoglobine  contain  4.2  parts  of  iron ; and, 
according  to  the  average  results  obtained  by  different  observers,  healthy 
human  blood  contains,  per  thousand  parts,  123.4  parts  of  hemoglobine, 
and  0.52  part  of  iron.  This  would  give,  for  a man  weighing  65  kilo- 
grammes, 2.82  grammes  of  iron,  as  contained  in  the  blood  of  the  whole 

1 °The  iron  of  the  hemoglobine  passes  out  of  the  body  by  the  bile  and 
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the  urine,  both  of  which  contain  slight  traces  of  its  presence.  It  is  also 
contained  in  the  hair,  where  it  forms  sometimes  as  much  as  7 per  cent, 
of  the  incombustible  ingredients.  It  is  supplied  to  the  body  in  ample 
abundance  by  ordinary  food,  in  which  it  is  always  present  in  appre- 
ciable amount.  Green  vegetables  of  course  contain  it,  as  an  ingre- 
dient of  their  coloring  matter.  Since  hemoglobine  exists  to  some 
extent  in  muscular  tissue,  it  will  be  present  in  a more  or  less  altered 
.*  form  but  still  containing  iron,  in  most  kinds  of  animal  food.  Accord- 
ing to  the  analyses  of  Molescliott,  500  grammes  of  beef  (about  one 
pound  avoirdupois)  will  contain  0.035  gramme  of  iron;  and  iron  is 
also  found  in  even  larger  proportion  in  rye,  barley,  oats,  wheat,  peas, 
and  especially  in  strawberries.  As  the  quantity  of  this  substance  daily 
discharged  in  the  urine  and  with  the  bile  is  so  small,  we  must  regard 
the  greater  portion  of  that  which  passes  through  the  system  as  used 
in  the  growth  of  the  hair ; and  a very  moderate  amount  contained  in 
the  food  must  be  sufficient  for  the  daily  requirements  of  nutrition. 

Melanine. 

In  all  the  dark-colored  tissues  of  the  body,  in  the  choroid  coat  of 
the  eyeball,  the  rete  Malpighi  of  the  skin  in  the  black  and  brown  races 
and  in  all  individuals  of  dark  complexion,  in  the  hair,  and  in  the 
substance  of  melanotic  tumors,  there  exists  a coloring  matter  known 
as  melanine.  When  isolated  or  when  collected  in  compact  masses,  it  is 
of  a very  dark  blackish-brown  color ; but  by  its  mixture,  in  different 
proportions,  with  other  colorless  or  ruddy  semitransparent  elements  of 
the  tissues,  it  may  produce  all  the  varying  grades  of  hue,  from  light 
yellowish-brown  to  an  almost  absolute  black.  It  is  deposited  in  the 
substance  of  the  animal  cells  in  the  form  of  minute  granules,  and  is 
usually  more  abundant  in  the  immediate  neighborhood  of  the  nucleus, 
when  one  is  present,  than  near  the  edges  of  the  cell. 

Melanine  has  not  yet  been  obtained  in  a perfect  crystalline  form,  and 
its  chemical  characters  are  not  completely  determined.  It  is  known, 
however,  to  be  a nitrogenous  substance.  As  the  average  result  of  vari- 
ous analyses  collected  by  Hoppe-Seyler,1  it  contains,  freed  from  ashes, 
the  following  proportions,  by  weight,  of  carbon,  hydrogen,  nitrogen,  and 


oxygen. 

Composition  of  Melanine. 

Carbon 54.39 

Hydrogen 5.08 

Nitrogen 11.17 

Oxygen  .........  29.36 


100.00 

According  to  Kiiline2  repeated  observations  show  that  it  also  con- 

1 Hnndbuch  der  Physiologisck-  und  Pathologisch-Chemischen  Analyse.  Berlin, 
1870,  p.  177. 

2 Lehrbuch  der  Physiologischen  Cliemie.  Leipzig,  1868,  pp.  365,  442. 
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tains  iron,  which  has  been  found  in  the  proportion  of  2.5  paits  per 
thousand  in  the  incombustible  residue. 

Melanine  is  insoluble  in  water,  alcohol,  ether,  and  solutions  ot  the 
organic  and  mineral  acids.  Boiling  solutions  of  potassium  hydiate 
dissolve  it  without  change  of  color,  but  its  color  is  destroyed  by  chlo- 
rine. It  is  regarded  as  derived  from  the  coloring  matter  of  the  blood, 
but  there  is  no  positive  evidence  of  this,  further  than  the  fact  that  it 
contains  iron,  and  that  it  forms  the  coloring  matter  of  the  hair,  in  - 
which  most  of  the  iron  of  the  blood-globules  is  probably  deposited. 


Bilirubine,  C16H,8N203) 

The  red  or  orange-red  coloring  matter  of  the  bile.  This  substance 
has  been  designated,  by  different  writers,  under  the  various  names  of 
Biliphsein,  Bilifulvine,  Hematoidine,  and  Cholepyrrhine.  It  is  formed 
in  the  substance  of  the  liver,  and  may  be  extracted  from  the  liver- 
cells  in  a pure  form.  From  these  it  is  taken  up  by  the  biliary- 
ducts  and  mingled  with  the  other  ingredients  of  the  bile.  It  is  crystal- 
lizable,  soluble  in  chloroform,  less  so  in  alcohol,  and  slightly  so  u e 
in  ether.  It  is  readily  soluble  also  in  alkaline  liquids,  but  quite  insolu- 
ble in  pure  water.  ' In  the  crystallized  form  its  color  is  red;  m the 
amorphous  condition,  orange  ; and  in  solution,  reddish-bi own  01  ye  ow, 
according  to  the  degree  of  concentration.  According  to  Hoppe-feeyler, 
it  gives  a perceptible  yellow  color  when  viewed  in  a layer  of  1.5  centi- 
metre’s thickness,  even  if  dissolved  in  500,000  times  its  weight  of  fluid. 

Solutions  of  bilirubine  exhibit  a well-marked  reaction  with  mtroso- 
nitric  acid,  which  is  known  as  “ Gmelin’s  bile  test.”  If  to  such  a so  u- 
tion  we  add  a small  quantity  of  nitric  acid,  in  which  nitrous  acid  is  a 
present,  a series  of  colors  is  produced  in  the  following  order,  green 
blue  violet,  red,  and  finally  a dingy  yellow.  These  colors  are  pioc  uce 
by  transformation  of  the  bilirubine,  and  represent  Buccessive  degrees 
of  its  oxidation  bv  nitric  acid.  The  reaction  is  a very  sensitive  one, 
and,  according  to'  Hoppe-Seyler,  will  produce  a visible  result  m solu- 
tions containing  only  one  part  in  70,000.  . , , bine  The 

Bilirubine  is  generally  regarded  as  derived  from  hemoglobins, 
reasons  for  thif  opinion  are:  First,  its  reddish  color  similar,  m some 
degree  to  that  of  diluted  blood.  Secondly,  it  has  been  found  in  various 
S,  tl  boclv  jn  old  bloody  extravasations,  evidently  produced 

from  an  alteration’  of  tire  blood  upon  the  spot.  When  found  jnder 
. * if  formerly  known  aB  hematoidine.  llnrtuy, 

these  circumstances,  it  was  ioirnc  y Wood- 

if  hemoglobins,  in  the  freezing 

globules,  and  made  to  ass  ‘ 3rawn  Mood,  and  then  re-injected 

£ srtSh1fTr^  — tS/La": 

rubine  wit  e sulphur  must  enter  into  some  other 

^^“e’r  of  these’  substances  cists  in  the  coloring  matter 
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of  the  bile  Bilirubine,  if  exposed  to  the  atmospheric  air  m alkaline 
solution,  becomes  oxidized  and  assumes  a green  color  being  convci  e 
into  another  closely  related  substance,  namely,  biliveidine. 

Biliverdine,  C16H20N2O6. 

In  addition  to  bilirubine,  the  bile  contains  also  a green  coloring 

matter  namely,  biliverdine;  and  its  varying  tint  in  different  specimens 

r^d’s  on  ^’different  portions  in  which  the  « substanc es  me 

present  In  many  species  of  animals,  as  in  the  ox,  sheep,  rabbit,  and 

vegetable  feeders  generally,  the  bile  presents  a strong  green  or  g. eemsh 

color  due  to  the  comparative  abundance  of  biliverdine  Bil.ve.dme 

is  insoluble  in  water,  ether,  and  chloroform,  readily  soluble  in  dilut 
is  msoiuuie  ’ . ’ , T,  ■ oisn  soluble  in  glacial  acetic 

alkaline  solutions  and  in  alcohol.  It  is  also  soiume  g 

acid,  and  is  deposited  from  the  evaporated  solution  in  the  °f  an 

imperfect  crystallization.  It  is  often  found  in  hum™ . gall-stones,  and 
in  the  dog  is  abundantly  deposited  along  the  edges  of  the  placenta. 

There  is  every  reason  to  believe  that  biliverdine  is  formed  from  bili- 
rubins by  a process  of  oxidation,  the  elements  of  water  entering  at  the 
same  time  into  combination.  The  nature  of  this  change  is  shown  by 
the  following  formula: 

Bilirubine. 

C16H18N203  + H.,0  + 0 = c16h.,n2o. 

The  prompt  conversion  of  the  color  of  ruddy  or  reddish-brown  bile 
into  green  by  the  action  of  various  oxidizing  agents  or  even  by  ex- 
posuie  to  the  air,  and  the  evident  chemical  relationship  between  the 
two  substances,  leave  no  doubt  that  this  is  the  mode  wh mh  Wn 
verdine  originates  in  the  animal  body.  Both  bilirubine  and  biliverdine 
are  discharged  with  the  bile  into  the  alimentary  canal,  but  they  become 
undistinguishable  toward  the  lower  end  of  the  small  intestine  Beyond 
that  point  they  are  replaced  by  the  brown  coloring  matter  of  the  feces, 
and  are  finally  discharged  from  the  body  under  this  form. 

TJrochrome. 

The  coloring  matter  of  the  urine  has  been  repeatedly  studied  by 
competent  and  laborious  observers,  but  thus  far  with  only  partial  suc- 
cess The  substances  which  have  been  extracted  from  the  urine  by 
various  methods,  and  which  have  been  regarded  as  representing,  more 
or  less  exactly,  its  natural  coloring  principle,  are  known  by  the  dif- 
ferent names  of  TJrochrome,  TJrosine,  Urosacine,  Hemaphseme,  Uio- 
hematine,  TJroxanthine,  Urobiline,  and  Hydrobilirubme.  They  are  all 
probably  modifications  of  the  same  substance,  variously  altered  by  ci  - 
ferent  methods  of  extraction,  or  obtained  in  different  grades  of  pun  y. 
The  fresh,  normal  urine  has  a light  yellowish  or  amber  color,  while 
specimens  of  unusually  high  specific  gravity,  and  particularly  specimens 
of  febrile  urine,  often  exhibit  a distinct  reddish  hue.  Normal  mine, 
which,  when  fresh,  is  only  amber-colored,  will  often,  by  exposure  o 
the  air,  acquire  a tinge  of  red.  The  substance  obtained  by  lliudi- 
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chum,1  and  called  by  him  urochrome,  is  precipitable  from  the  urine  by 
various  metallic  salts.  It  has  not  yet  been  produced  in  a crystalline 
form.  It  is  soluble  in  water  and  in  ether,  but  only  slightly  soluble 
in  alcohol.  Its  watery  solution  has  a yellowish  color,  which,  on  stand- 
ing, becomes  red.  Urohematine  (Harley)  is  nitrogenous  in  composition, 
and  contains  iron.2  It  is  insoluble  in  pure  water,  but  soluble  in  the 
fresh  urine,  as  well  as  in  ether,  chloroform,  and  alcohol.  The  sub- 
stance termed  Urobiline  (Jaffe)  was  so  named  because  supposed  to  be 
derived  from  the  coloring  matters  of  the  bile.  It  is  soluble  in  alcohol, 
ether,  and  chloroform.  Its  solutions  have  a brownish-yellow  color, 
and,  by  dilution,  become  first  yellow,  and  lastly  faint  rosy-red.  It  was 
found  by  Jaffff'  to  be  present  in  nearly  every  instance  (45  cases)  in 
healthy  human  urine,  where  it  was  recognized,  after  partial  extraction 
and  purification,  by  its  peculiar  optical  (spectroscopic)  properties. 
The  same  observer,  however,  found  that  fresh  urine,  not  subjected  to 
chemical  manipulation,  would  often  present  no  indication  of  urobiline. 
Such  urine,  if  secluded  from  the  atmosphere,  would  remain  light- 
colored,  and  free  from  this  substance ; but  if  exposed  to  the  air  for  from 
two  to  twelve  hours,  would  become  darker  in  hue,  and  at  the  same  time 
would  show,  by  the  spectroscope,  signs  of  the  presence  of  urobiline. 

It  is  evident,  therefore,  that  the  urine  contains  a coloring  matter 
which  gives  to  it  in  the  fresh  condition  its  well  known  amber  tint. 
This  substance  is  liable  to  be  changed  under  the  influence  of  oxidation, 
and  to  assume  in  that  condition  a more  or  less  distinct  red  coloi. 
Such  a modification  certainly  takes  place  outside,  the  body,  and  it  is 
possible  that  it  may  also  occur  within  the  system,  giving  rise  to  the 
varying  proportions  of  red  in  the  color  ol  the  urine  in  different 
healthy  and  diseased  conditions. 

Beside  the  above  named  substances,  there  are  two  other  bodies  of  suf- 
ficient interest  in  general  physiology  to  be  enumerated  in  connection 
with  those  already  described. 


Luteine. 

This  substance,  as  its  name  indicates,  is  of  a strongly  marked  yellow 
color.  It  is  extracted  from  the  yolk  of  eggs,  and  from  the  tissue  of  the 
corpus  luteum.  It  exists  also,  according  to  Thudichum,4  in  the  grains 
of  Indian  corn,  in  certain  berries  and  roots,  and  in  the  yellow  stamens 
and  petals  of  a large  number  of  flowering  plants.  It  is  crystallizable, 
soluble  in  alcohol,  ether,  chloroform,  and  the  fatty  oils,  but  insoluble  in 
water.  It  is  readily  decomposed  and  decolorized  by  sunshine ; and  by 
the  action  of  nitric  acid  it  is  first  turned  blue,  and  afterward  decolorized. 

1 British  Medical  Journal,  London,  Nov.  5,  1864. 

2 Harley  The  Urine  and  its  Derangements.  Philadelphia,  18(2,  p.  97. 

2 Archiv’  fur  Pathologische  Anatomic  und  Physiologic,  1869,  vol.  xlvu. 

^ 4 Centralblatt  fiir  die  Medicinische  Wissenschaften,  1869,  p.  2. 


CHL0R0P1IYLLE. 


101 


u.  Polor  is  also  changed  to  blue  or  green  by  other  strong  acids  but  it 
Xted  V dilute  solution,  of  the  allies.  It  ha,  not  yet  been 
obtained  in  sufficient  quantity  for  complete  anal}  sis. 

Chlorophylle. 

This  is  the  green  coloring  matter  of  plants.  It  is  more  widely  dif- 
f pH  than  anv  other  coloring  matter  in  the  vegetable  world,  and 
apparently  constitutes  exclusively  the  coloring  principle  of  all  the  green 
Sarffi  of  the  higher  plants  without  exception.  Its  exact  chemical  con- 
stitution has  not  been  fully  determined,  but  it  16 ! ° f^mula  C H NO 
nitrogenous  substance,  and  Mulder  has  given  it  the  formula  WJ, 
It  is  certain  that  iron  is  essential  to  its  production,  as  plants  artificially 
cultivated  without  the  access  of  this  substance,  grow  up  in  a blanched 
or  chlorotic  condition;  and  their  green  color  may  afterward  be  restoied 
hv  the  supply  of  moisture  containing  a ferruginous  salt. 

^Chlorophylle  is  of  the  first  importance  in  vegetable  physiology,  as  it 
is  under  the5  influence  of  this  substance,  together  with  that  of  the  so  ar 
light, ^that  the  inorganic  ingredient,  of  the  soil  and  ‘^m-Phere  are 
deoxidized  and  combined  in  the  form  of  an  organic  carbo-h}  drate.  1 he 
roce  s of  vegetation  proper,  that  is,  the  production  and  accumula- 
tffin  of  organic  material  in  the  form  of  starch,  sugar,  cellulose,  woody 
fibre  and  the  substance  of  various  vegetable  tissues,  is  inseparably 
dependent  on  the  presence  and  action  of  chlorophylle.  At  the  same 
time  in  order  to  produce  this  effect,  the  chlorophylle  must  constitute  a 
part  of  the  living  vegetable  cell ; for  the  coloring  matter  alone,  if  ex- 
tracted from  the  chlorophylle-holding  cells,  and  placed  under  all  othei 
conditions,  such  as  the  access  of  air,  sunlight,  warmth,  and  moisture, 
known  to  be  essential  to  the  work  of  production,  is  found  to  be  incapable 
of  forming  organic  matter  out  of  water  and  carbonic  acid.  Its  func- 
tion, therefore”  is  not  that  of  a simple  chemical  reagent,  but  that  of  an 
active  constituent  of  the  living  vegetable  organism. 

Chlorophylle  is  produced,  in  the  interior  of  the  vegetable  cell,  some- 
times as  a uniformly  diffused  mass.  Usually,  however,  it  is  deposited 
in  the  form  of  distinct  rounded  grains,  frequently  arranged  in  defini  e 
figures  or  patterns  in  the  cavity  of  the  cell.  It  may  be  extracted  by  the 
action  of  alcohol  or  of  ether,  and  retains  its  green  color  in  solutions  ot 
these  substances.  It  disappears  previously  to  the  shedding  of  the  leaves, 
when  they  cease  to  perform  the  act  of  vegetation,  and  is  usually  replaces 
by  a few  grains  of  red  or  yellowish  color. 

1 Mayer,  Lehrbuch  der  Agrikultur-Chemie,  Band  i.  pp.  51,  265. 
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The  fifth  and  last  group  of  proximate  principles  consists  of  a 
number  of  colorless  substances  which,  like  the  albuminous  mattei's, 
contain  nitrogen,  but  which  differ  from  them  in  being  readily  crystal- 
lizable.  Many  of  them  are  evidently  derived  from  the  albuminous 
ingredients  of  the  body  by  retrograde  metamorphosis,  being  dis- 
charged from  the  system  as  products  of  excretion.  Others  do  not 
exhibit  this  character,  and  are  found  only  in  the  permanent  tissues  or 
the  internal  fluids  of  the  body.  Several  of  them  are  of  comparatively 
recent  discovery,  and,  although  undoubtedly  of  importance  in  the  con- 
stitution of  the  body,  are  still  somewhat  obscure  in  their  physiological 
relations. 

Lecithine,  C41H90NPOg, 

From  Ae*i£os,  the  yolk  of  egg,  in  which  substance  it  was  first  discovered. 
Lecithine  was  for  some  time  described  under  the  name  of  phosphorized 
fat , owing  to  the  circumstance  that  one  of  the  products  of  its  de- 
composition is  phosphoglyceric  acid  (C3H9P06).  It  is  not,  however, 
a fatty  substance,  since  it  contains  nitrogen,  and  in  other  respects 
differs  from  the  fats.  As  mingled  or  combined  with  other  animal  mat- 
ters, it  has  also  been  known  by  the  name  of  “protagon.”  Lecithine  is 
of  very  wide  distribution  in  both  the  animal  and  vegetable  kingdoms, 
occurring  in  the  cereal  grains  and  the  leguminous  seeds,  and,  according 
to  Hoppe-Seyler,  in  the  cellular  juices  of  a variety  of  plants.  It  is 
found  in  the  blood,  both  in  the  plasma  and  the  globules,  in  the  bile,  the 
spermatic  fluid,  the  yolk  of  egg,  and  particularly  in  the  tissues  of  the 
brain,  spinal  cord,  and  nerves.  In  the  plasma  of  the  blood,  it  is  in  the 
proportion  of  0.4  part  per  thousand,  and  in  the  fresh  substance  of  the 
calf’s  brain,  according  to  the  analyses  of  Petrowsky,1  in  the  proportion 
of  31  parts  per  thousand.  Taking  into  account  the  watery  ingredients 
of  the  brain,  lecithine  is  about  equally  abundant  in  the  white  and  gray 
substance;  but  of  the  solid  matters  alone,  it  constitutes  a little  less  than 
10  per  cent,  in  the  white  substance,  and  rather  more  than  17  per  cent, 
in  the  gray  substance. 

Lecithine  obtained  from  either  of  these  sources,  if  treated  with  water, 
swells  up  into  a pasty  mass  and  gives  origin  to  the  remarkable  appearances 
under  the  microscope  known  as  “myeline  forms;”  that  is,  a great 

1 Archiv  fur  die  gesammte  Physiologic,  18/3,  Band  vii.  p.  101. 
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variety  of  mucilaginous  or  oily  looking  drops  and  filaments,  of  double 
contour  which  exude  from  the  edges  of  the  mass,  and  remain  separate 
and  insoluble;  resembling  the  microscopic  forms  produced  under  simi- 
lar circumstances  from  the  “myeline,”  or  medullary  layer  ot  nerve 
fibres.  It  is  readily  soluble  in  alcohol,  less  so  in  ether,  and  is  also  solu- 
ble to  some  extent  in  chloroform  and  the  fatty  oils.  It  is  reac  1 y 
decomposed  on  standing,  either  in  solution  or  in  a state  of  watery 
imbibition,  acquiring  an  acid  reaction.  Decomposition  is  also  effected 
by  the  action  of  acids  or  alkalies.  By  boiling  with  baryta  water  it 
suffers  a characteristic  alteration,  giving  rise  to  the  production  of  two 
new  bodies;  namely,  a nitrogenous  alkaline  substance  and  phosp  10- 


glyceric  acid.  . 

Lecithine  has  a special  importance,  not  only  as  an  abundant  ingre- 
dient of  the  nervous  tissue,  but  also  as  being  the  only  organic  combina- 
tion in  the  body  containing  phosphorus.  Considering  the  number  of 
vegetable  and  animal  articles  of  food  in  which  it  is  an  ingredient,  it  is 
evident  that  a considerable  quantity  must  be  introduced  with  the  nutri- 
ment into  the  system  and  assimilated  by  the  tissues,  particularly  by 
those  of  the  nerves  and  nervous  centres.  But  as  no  known  organic 
combination  of  phosphorus  is  discharged  with  the  excretions,  this  sub- 
stance must  pass  out  of  the  body  as  part  of  the  phosphates  which 
appear  in  the  urine  and  the  perspiration.  On  this  account,  together 
with  the  known  fact  of  the  constant  consumption  of  oxygen  by  the 
animal  body,  it  is  believed  that  the  phosphorus,  introduced  as  an  ingre- 
dient of  organic  materials,  is  converted  by  oxidation  in  the  system 
into  phosphoric  acid,  and  thus  appears  finally  under  the  form  of  phos- 


phatic  salts. 


Cerebrine,  C17H33N03. 

As  its  name  indicates,  this  is  an  ingredient  of  the  brain  and  nerves, 
the  only  healthy  constituents  of  the  body  in  which  it  is  known  to  exist. 
Although  this  substance  has  not  been  obtained  in  a crystalline  form, 
it  is  placed  among  the  members  of  this  group  because  it  resembles 
them  in  the  general  features  of  its  chemical  composition,  particularly  in 
its  small  proportion  of  nitrogen,  and  also  in  certain  of  its  reactions, 
which  are  entirely  dissimilar  to  those  of  an  albuminous  matter. 

Cerebrine  is  insoluble  in  water,  but  if  moistened  swells  up  slowly 
into  a pasty  mass.  It  is  insoluble  in  ether  and  in  cold  alcohol. 

It  is  readily  soluble  in  boiling  absolute  alcohol,  from  which  it  is 
again  deposited  on  cooling.  Boiling  with  baryta  water  decomposes  it 
very  slowly  and  incompletely,  and  does  not  produce  phosphoglyceric 
acid,  by  which  means  it  may  be  distinguished  from  lecithine.  It 
strongly  heated  in  the  air,  it  turns  brown,  melts,  and  finally  burns  with 
a bright  flame. 

It  is  much  more  abundant  in  the  white  than  in  the  gray  substance  of 
the  brain,  forming,  according  to  Petrowsky,  in  the  solid  ingredients  of 
the  white  substance  9.5  per  cent.,  in  those  of  the  gray  substance  but 
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little  more  than  0.5  per  cent.  It  is,  therefore,  undoubtedly  a constitu- 
ent of  the  medullary  layer  of  nerve  fibres. 

Leucine,  CoH^NO^, 

So  called  from  the  glistening  white  color  of  its  crystals.  It  is  found 
in  the  tissue  of  the  spleen,  the  thymus,  thyroid,  lymphatic,  submaxillary, 
and  parotid  glands,  the  pancreas  and  pancreatic  juice,  the  brain,  liver, 
kidneys,  and  supra-renal  capsules.  In  all  these  situations  it  exists  in 
comparatively  small  quantity,  but  its  exact  proportions  have  not  been 
determined.  It  has  not  yet  been  found  in  the  blood  in  a state  of  health, 
and  has  only  been  met  with  in  the  urine  in  certain  cases  of  disease. 
According  to  Hoppe-Seyler  it  is  one  of  the  products  of  putrefactive 
decomposition  of  albuminous  and  gelatinous  substances.  When  pure, 
it  crystallizes  in  thin  white  laminae,  in  which  form  it  is  readily  solu- 
ble in  water,  less  so  in  alcohol,  and  insoluble  in  ether.  Heated 
slowly  to  170°  (388°  F.)  it  volatilizes  unchanged;  above  this  point  it 
is  decomposed ; two  of  the  products  of  its  decomposition  being  carbonic 
acid  and  ammonia.  But  little  is  known  with  regard  to  the  normal 
origin  or  physiological  destination  of  this  substance,  its  importance 
being  only  indicated  by  the  number  and  variety  of  the  situations  in 
which  it  is  found. 


Sodium  Glycocholate,  C20H42NO8Na. 

This  is  one  of  the  characteristic  ingredients  of  the  bile,  where  it 
sometimes  forms,  according  to  the  observations  of  Jacobsen,  nearty  49 
per  cent,  of  the  dry  residue.  It  is  also  found  in  the  tissue  of  the  liver 
and  in  the  fluids  of  the  upper  part  of  the  intestinal  canal,  into  which 
it  is  discharged  with  the  bile ; but  it  does  not  exist  in  the  blood  or  in 
the  other  animal  fluids. 

It  is  a saline  body,  consisting  of  a nitrogenous  organic  acid,  glyco- 
cholic  acid  (C2GH43NOc)  in  combination  with  sodium.  Glycocholic  acid 
is  so  called  because  by  boiling  with  solutions  of  potassium  hydrate  or 
baryta  water,  or  by  continued  boiling  with  dilute  hydrochloric  or 
sulphuric  acids,  it  is  decomposed  with  the  production  of  two  new 
bodies,  namely,  glycine  (C2H5NO.,),  a nitrogenous  neutral  substance, 
and  cholic  acid  (C24H40O5),  a non-nitrogenous  organic  acid,  so  called 
because  peculiar  to  the  bile.  This  change  takes  place  with  the  assump- 
tion, by  the  glycocholic  acid,  of  the  elements  of  water,  as  follows : 

Glycocholic  acid.  Glycine.  Cholic  acid. 

c20h43no6  + h2o  = c2h5no2  + c24h40o5. 

The  two  bodies  thus  formed  do  not,  therefore,  pre-exist  in  the  organic 
acid  of  the  bile,  but  are  produced,  by  the  addition  of  other  elements, 
at  the  time  of  its  decomposition. 

Sodium  glycocholate  is  a neutral,  crystallizable  substance,  very 
soluble  in  water  and  in  alcohol,  and  insoluble  in  ether.  It  is  accord- 
ingly extracted  from  the  bile  by  the  following  process : The  bile  is  first 
evaporated  to  dryness  over  the  water-bath,  the  dry  residue  extracted 
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with  absolute  alcohol,  the  alcoholic  solution  decolorized  with  animal 
charcoal,  and  then  mixed  with  from  8 to  10  times  its  volume  of  ether. 
A whitisli  precipitate  is  thrown 

down  which  soon  collects  into  Fig-  21. 

little  drops  and  masses,  of  a 
consistency  like  that  of  Canada 
balsam,  whence  the  biliary  salts 
have  been  sometimes  termed  the 
“ resinous”  matters  of  the  bile. 

In  the  course  of  24  hours, 
sometimes  only  after  four  or 
five  days,  the  sodium  glyco- 
cholate  crystallizes  abundantly 
in  the  form  of  hemispherical  or 
star-shaped  masses  of  fine  ra- 
diating acicular  crystals.  These 
crystals  may  be  preserved  in- 
definitely in  the  mixture  of  al- 
cohol and  ether ; but  if  the  mix- 
ture be  poured  oil’,  the  cold 
produced  by  evaporation  causes 
a condensation  of  atmospheric 
moisture  and  a rapid  melting 

and  solution  of  the  crystals,  which  may  be  seen  under  the  microscope 
liquefying  into  transparent,  rounded,  oleaginous-looking  drops.  The 
solubility  of  these  drops  in  water  and  their  insolubility  in  ether  will 
readily  distinguish  them  from  oil  globules,  which  they  closely  resemble 
in  their  optical  properties.  Sodium  glycocholate  may  be  precipitated 
from  its  watery  solution  by  both  the  neutral  and  tribasic  lead  acetates. 
Its  alcoholic  solution  rotates  the  plane  of  polarization  toward  the  right 
25°.l. 


Sodium  Glycoohoiati  from  Ox-bub, 
after  two  days’  crystallization.  At  the  lower 
part  of  the  figure  the  crystals  are  melting  into 
drops,  from  evaporation  of  the  ether  and  absorp- 
tion of  moisture. 


Sodium  Taurocholate,  C2BHuNS07Na. 

This  is  a substance  similar  in  many  of  its  properties  to  the  last,  and, 
like  it,  a peculiar  ingredient  of  the  bile.  Its  organic  acid,  taurocholic 
acid  (C26H45NS07),  is  distinguished  by  containing  an  atom  of  sul- 
phur, owing  perhaps  to  its  having  been  derived  from  the  albuminous 
matters.  If  so,  glycocholic  acid  will  represent  a product  of  further 
oxidation,  under  which  sulphur,  hydrogen,  and  oxygen  are  given  up  in 
such  proportions  that  the  products  of  elimination  are  sulphuric  acid  and 
water,  as  follows : 

Taurocholio  acid.  ■ Glycocholld  acid. 

C26H46NS07  - S(H20)  = c20h43no6. 

By  boiling  with  dilute  acids  or  alkalies,  or  even  in  water,  taurocholic  acid 
is  decomposed  with  the  formation  of  two  other  bodies,  namely,  taurine 
(C2H,NSOs),  a neutral  nitrogenous  substance,  containing  all  the  sulphur, 
so  called  because  first  discovered  in  bullock’s  bile,  and  cholic  acid 
8 
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(C24H,0O6),  the  same  body  produced  by  a similar  process  from  glyco- 
cholic  acid.  The  change  here  also  takes  place  with  the  assumption 
of  the  elements  of  water,  as  follows : 


Sodium  taurocholate,  like  the  preceding  biliary 
salt,  is  soluble  in  water  and  in  alcohol,  and  insoluble 
in  ether.  It  is  extracted  from  the  bile  by  a similar 
process  to  that  already  described,  and,  after  precipita- 
tion by  ether,  crystallizes  in  slender  needles,  much 
like  those  of  the  glycocholate.  It  may  be  distin- 
guished, however,  and  separated  from  the  last-named 
substance,  when  in  company  with  it,  by  its  reaction 
toward  the  salts  of  lead.  It  is  not  precipitated  from 
its  watery  solution  by  the  neutral,  but  only  by  the 
tribasic  acetate.  If  a watery  solution,  theiefoie,  con- 
taining both  salts  be  precipitated  by  neutral  lead  ace- 
tate, the  filtered  fluid  will  contain  the  sodium  tauro- 
cholate alone.  In  alcoholic  solution  it  rotates  the 
plane  of  polarization  toward  the  right  24°.5. 

The  two  biliary  salts  are  associated  in  the  bile  in 
varying  proportions.  Generally  the  glycocholate  may 


Sodium  tau-  be  said  to  preponderate  in  the  bile  of  the  ruminant 
^icohHoiioAeTxtraotTf  animals,  taurocholate  in  that  of  the  carnivora.  In 
dog’a  bile,  crystaiiiz-  dog’s  and  cat’s  bile,  the  taurocholate  exists  alone.  In 

ing  at  the  bottom  of  human  bqe  appears  that  both  substances  may  be 

a test-tube.  . . « 


present,  sometimes  one  of  them  being  the  more  abun- 


dant, sometimes  the  other  ; according  to  some  writers  the  taurocholate 
existing  alone  or  in  larger  proportion  (Gorup-Besanez,  Hoppe-Seyler, 
Robin,  Hardy),  according  to  others  the  glycocholate  (Bischoff,  Lossen, 
Ranke).  In  the  observations  of  Jacobsen,1  on  a case  of  biliary  fistula 
in  man,  the  glycocholate  was  shown  to  be  a constant  ingredient,  while 
the  taurocholate  was  either  absent,  or,  if  present,  varied  m quantity. 
We  have  also  found  human  bile  to  contain  the  glycocholate  without 

the  presence  of  taurocholate.  . 

The  biliary  salts  are  formed  in  the  glandular  tissue  of  the  liver  and 
discharged  with  the  bile.  According  to  the  observations  of  Ranke  on 
a man  with  biliary  fistula,  the  average  quantity  of  the  organic  acids  of 
the  bile  thus  produced,  by  a man  weighing  65  kilogrammes,  would  be  a 
little  over  15  grammes  per  day.  They  are  not  discharged  with  the  feces, 
but  are  changed  in  the  intestine,  and,  probably,  reabsorbed  under  another 


Taurocholic  acid. 


acid.  Taurine.  Cholic  acid. 


Fig.  22. 


form  by  the  blood. 


Creatine,  04H9N30„  from  *Psa;,  flesh. 


1 Revue  des  Sciences  MMicales,  1874,  vol.  iii.  p-  85. 
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animals;  its  proportion  in  the  human  muscles  being,  according  to 
Neubauer,1  about  two  parts  per  thousand.  It  has  also  been  found 
in  minute  quantity  in  the  blood,  p,  ^ 

the  brain,  and  the  kidneys.  It  is 
soluble  in  cold,  very  readily  in  hot 
water,  slightly  soluble  in  alcohol, 
insoluble  in  ether.  From  its  watery 
solution  it  crystallizes  in  the  form 
of  transparent,  colorless,  rhombic 
prisms  of  firm  consistency.  It  is 
decomposed  by  a temperature  of 
100°  (212°  F.).  By  boiling  in  acid 
solutions,  or  by  long-continued 
boiling  in  water,  it  is  transformed 
into  another  closely  related  sub- 
stance, namely,  creatinine.  If  boil- 
ed with  baryta  water  it  produces, 
among  other  substances,  urea,  car- 
bonic acid,  and  ammonia.  Creatine 
is  regarded  as  a product  of  metamorphosis  of  the  albuminous  matters, 
especially  of  those  existing  in  muscular  tissue.  It  does  not  appear  in 
the  urine,  but  undergoes  further  transformation  in  the  interior  of  the 
body,  probably  into  the  following  substance. 


Creatine,  crystallized  from  hot  water. 
(Lehmann.) 


Creatinine,  C4H7N30, 

Is  known  to  exist,  with  certainty,  only  in  the  urine.  Although  it  has 
been  occasionally  found  by  some  observers  in  the  muscles,  according  to 
Neubauer  it  is  not  a norfiial  ingredient  of  the  tissue,  but  is  produced 


during  the  process  of  extraction, 
under  the  continued  influence  of 
heat  and  moisture,  from  the  previ- 
ously existing  creatine.  C reatinine 
is  soluble  in  water  and  in  alcohol, 
but  only  slightly  soluble  in  ether. 
It  crystallizes  in  colorless  glitter- 
ing prisms.  In  solutions  it  has  a 
strong  alkaline  reaction,  decom- 
poses the  combinations  of  am- 
monia, and  forms  with  various 
acids  neutral  salts. 

The  relation  between  these  two 
bodies  is  such  that  by  different 
chemical  processes  they  may  be 
artificially  converted  into  each 
other.  In  the  interior  of  the  body 


Fig.  24. 


Creatinine,  crystallized  from  hot  water. 
(Lehmann.) 


1 Neubauer  und  Vogel,  Analyze  des  Harns,  1872,  p.  20. 
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the  change  which  takes  place  is  undoubtedly  the  conversion  of  creatine 
into  creatinine,  since  the  former  is  that  which  exists  normally  in  the 
muscles,  while  the  latter  is  an  ingredient  of  the  urine.  In  this  change 
the  elements  of  water  are  eliminated  as  follows: 


Creatine. 

C4H9N302-H20. 


Creatinine. 

= <j4h,n3o. 


Thus  creatine  represents  an  intermediate  stage  of  the  products  of  meta- 
morphosis, which  finally  appear  in  the  urine  under  the  lorrn  of  cieatinine. 
According  to  the  observations  of  Neubauer,  the  quantity  of  creatinine 
discharged  by  a healthy  man,  under  ordinary  diet,  is  about  1 gramme 
per  day. 

Urea,  CH,N,0. 

This  is  one  of  the  most  important  and  well  known  substances  of  its 
class,  as  it  is  the  principal  solid  ingredient  ot  the  urine,  and  the  main 
product  of  the  decomposition  of  nitrogenous  matters  in  the  body.  It  is 
most  abundantly  found  in  the  urine,  where  it  is  present  on  the  aveiage, 
in  man,  in  the  proportion  of  26  parts  per  thousand ; while  in  the  blood 
it  is  only  in  the  proportion  of  0.16  part  per  thousand.  As  it  makes  its 
appearance  in  the  blood,  it  is  constantly  drained  away  by  the  kidneys, 
and  thus  accumulates  in  larger  proportion  in  the  urine.  This  is  fuither 
shown  by  the  comparative  analyses  of  Picard,  who  found,  in  the  dog, 
the  proportion  of  urea  in  the  blood  of  the  renal  arteries  to  be  0.36  per 
thousand,  in  the  renal  veins  0.18  per  thousand.  Urea,  has  also  been 
found  in  minute  quantity  in  the  lymph,  the  aqueous  and  vitreous  humors 
of  the  eye,  the  crystalline  lens,  and  the  perspiiation. 

Urea  is  a colorless,  neutral  substance,  abundantly  soluble  in  water 
and  in  boiling  alcohol,  less  so  in  cold  alcohol,  nearly  insoluble  in  ether. 
It  crystallizes  in  four-sided  prisms,  often  with  blunt  pyramidal  ends, 
which  are  decomposed  on  being  heated  above  120  F-)-  ts  PU1C 

watery  solution  may  be  kept  without  change  at  ordinary  temperatures  ; 
but  by  long  continued  boiling,  or  by  a short  boiling  in  the  presence  of 
alkalies,  it  is  decomposed  with  the  production  of  ammonium  carbonate. 
If  heated  with  water  in  an  hermetically  sealed  tube  to  180  ( •), 

it  undergoes  the  same  alteration.  This  change  takes  place  with  the 
assumption  of  the  elements  of  water,  as  follows . 

•jjrea  Ammonium  carbonate. 

CH4N.,0  + HA  = (NH4)2C03. 

Urea  has  been  produced  artificially  from  albuminous  matter  by 
placing  the  latte-  in  contact  with  potassmm  ^nnanpee  watery 
solution,  and  subjecting  it  to  a heat  ot  6 t 

This  reaction,  first  established  by  B&hamp,  has  been  confl  med  by 
Ritter,1  in  trhose  experiments  30  grammes  of  albumen  furnished l W ■ 
gramme  of  urea,  and  the  same  quantity  of  fibime,  0.0,  giamme, 

' Comptos  Rendas  dc  1' Academic  des  Sciences,  Paris,  1870,  tome  Us.  p.  606. 

2 Comptes  Rcndus,  1871,  lxxiii.  p.  1219. 
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while  from  30  grammes  of  gluten,  in  an  average  of  three  experiments, 
there  was  obtained  0.27  gramme  of  urea.  According  to  Bdchamp, 
this  is  not  a process  ot  simple 
oxidation,  but  an  oxidation  with 
decomposition,  in  which  various 
other  substances  are  produced  from 
the  albuminous  matter  at  the  same 
time  with  urea.  The  quantity  of 
urea  excreted  by  a healthy  man  is 
about  35  grammes  per  day.  This 
amount  varies,  of  course,  with  the 
size  of  the  body,  the  average  daily 
proportion  of  urea  to  the  weight 
of  the  whole  body  being  0.5  per 
thousand  parts.  Lehmann,  in  ex- 
periments on  his  own  person,  found 
the  average  daily  quantity  to  be 

32.5  grammes.  Bischoff,  by  simi- 
lar experiments,  found  it  to  be  35 
grammes.  Prof.  William  A.  Ham- 
mond, whose  weight  was  90  kilogrammes,  found  it  to  be  43  grammes. 
Prof.  John  C.  Draper,  whose  weight  was  66  kilogrammes,  found  it 

26.5  grammes. 

It  has  been  shown  by  Prof.  John  C.  Draper,1  and  confirmed  by  other 
observers,  that  there  is  a diurnal  variation  in  the  normal  quantity  of 
urea.  A smaller  quantity  is  produced  during  the  night  than  during, 
the  day ; and  this  difference  exists  even  in  patients  who  are  confined  to 
the  bed  during  the  whole  twenty-four  hours,  as  in  the  case  of  a man 
under  treatment  for  fracture  of  the  leg.  This  is  probably  owing  to  the 
greater  activity,  during  .the  waking  hours,  of’ both  the  mental  and  di- 
gestive functions.  More  urea  is  produced  in  the  latter  half  than  in  the 
earlier  half  of  the  day ; and  the  greatest  quantity  is  discharged  during 
the  four  hours  from  6^  to  10^  P.  M. 

The  quantity  of  excreted  urea  represents  almost  completely  the 
amount  of  decomposition  in  the  nitrogenous  organic  ingredients  of  the 
body ; since  it  is  the  only  nitrogenous  substance  discharged  in  consider- 
able quantity  by  the  excretions.  A comparison  of  the  entire  amount 
of  nitrogen  contained  in  the  daily  food  with  that  discharged  from  the 
body  in  various  forms  shows  that  fully  85  per  cent,  of  that  introduced 
reappears  as  an  ingredient  of  the  urea ; the  remaining  15  per  cent,  being 
contained  in  the  uric  and  hippuric  acids  and  creatinine  of  the  urine,  and 
in  the  nitrogenous  matters  of  the  feces. 

All  observers  are  agreed  that  the  quantity  of  urea  excreted  varies  in 
proportion  to  the  amount  of  nitrogenous  matters  contained  in  the  food. 


Fig.  25. 


Urea,  prepared  from  urine,  and  crystallized 
by  slow  evaporation.  (Lehmann.) 


' New  York  Journal  of  Medicine,  March,  1856. 


110 


CRYSTALLIZABLE  NITROGENOUS  MATTERS. 


Lehmann  found,1  in  experiments  on  his  own  person,  that  the  daily 
amount  of  urea  was  increased  by  a diet  of  animal  food,  diminished  by 
one  of  vegetable  food,  and  reduced  to  its  minimum  by  a diet  consisting 
exclusively  of  non-nitrogenous  matters,  such  as  starch,  sugar,  and  fat. 
The  comparative  results  were  as  follows : 


It  also  appears  from  the  observations  of  Mahomed2  that  the  influence 
of  a change  of  diet  in  this  respect  is  manifested  very  rapidly  ; twenty- 
four  hours  of  a non-nitrogenous  diet  being  sufficient  to  reduce  the  excre- 
tion of  urea  50  per  cent.,  while  it  is  again  restored  to  its  ordinary 
standard  within  three  or  four  hours  after  the  use  of  animal  food. 

Urea,  however,  does  not  depend  exclusively  upon  the  direct  trans- 
formation of  the  nitrogenous  matters  of  the  daily  food,  but  is  also,  in 
part  at  least,  derived  from  the  metamorphosis  of  the  more  permanent 
constituents  of  the  body ; since  it  continues  to  be  discharged,  though 
in  diminished  quantity,  when  no  food  is  taken.  Lehmann  found  as 
much  urea  in  the  urine  after  twenty -four  hours  of  abstinence  fiom  all 
food,  as  after  a diet  of  non-nitrogenous  matters.  In  the  dog,  when 
subjected  to  entire  abstinence,  the  urea  is  reduced  in  three  or  four  days 
to  nearly  one-third  its  former  quantity,  but  is  still  present  in  about  the 
same  proportion  at  the  end  of  seven  days.  In  the  experiments  of  Di. 
Parkes  on  a man  subjected  to  a purely  non-nitrogenous  diet,  the  daily7 
•excretion  of  urea  fell  on  the  second  day  to  12  grammes,  but  afterward 
remained  nearly  uniform,  at  rather  more  than  hall  that  quantity,  and  on 
the  fifth  day  still  amounted  to  7 grammes.  Urea  has  also  been  found 
by  Lassaigne  in  the  urine  of  man  after  continued  abstinence  from  food 
for  fourteen  days. 

The  quantity  of  urea  has  been  found  by  Lehmann,3  Prof.  A.  Flint,  Jr.,4 
Parkes,5  and  Vogel6  to  be  increased  during  or  after  unusual  muscular 
exertion.  Other°  observers  (Pick  and  Wislicenus,  Voit,  Ranke)  have 
found  no  perceptible  variation  owing  to  this  cause.  The  same  discrep- 
ancy exists  between  different  writers  in  regard  to  creatinine.  It  is 
possible  that  the  details  of  the  process  by  which  the  albuminous  matters 
during  decomposition  give  rise  to  the  formation  of  urea  are  not  yet 
fully  known  to  us.  But  it  is  a matter  of  common  experience,  both  for 
man  and  animals,  that  continued  and  laborious  muscular  activity 

1 Physiological  Chemistry.  Sydenham  edition.  London,  1853,  vol.  n.  p.  4o0. 

2 Pavy  on  Food  and  Dietetics.  Philadelphia  edition,  1874,  pp.  79-81. 

a Physiological  Chemistry.  Sydenham  edition,  vol.  ii.  p.  452. 

4 New  York  Medical  Journal,  June,  1871. 

6 Proceedings  of  the  Pmyal  Society,  March  2d,  1871,  p.  357. 

« Neubauer  and  Vogel,  Analyse  des  Hams,  1872,  p.  338. 
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requires  a corresponding  supply  of  nitrogenous  iood  ; and  the  final 
result  of  the  internal  metamorphosis  of  such  substances  is  mainly  repre- 
sented by  the  excretion  of  urea. 

Sodium  Urate,  C5H3N4OaNa. 

As  its  name  indicates,  this  is  a saline  body,  consisting  of  a nitro- 
genous organic  acid,  namely,  uric  acid  (C5H4N403),  in  union  with  so- 
dium. A portion  of  it  is  also  in  combination  with  potassium,  but  the 
sodium  salt  is  in  much  the  greater  quantity  of  the  two.  rlhe  urates 
are  found  normally  only  in  the  urine,  where  they  exist  in  the  proportion 
of  about  1.45  parts  per  thousand.  The  entire  quantity  of  uric  acid 
excreted  by  a healthy,  full-grown  man,  is  about  0.1  gramme  per  day. 
It  is,  therefore,  very  much  less  abundant  than  urea ; and,  according 
to  the  researches  of  J.  Ranke,  the  proportion  between  them  is  very  con- 
stant, the  relative  daily  quantity  of  the  two  substances  in  the  same 
individual  being  nearly  always — 

Uric  acid 1 part. 

Urea 45  parts. 

Uric  acid  is  a colorless,  crystallizable  substance,  only  very  slightly 
soluble  in  either  cold  or  hot  water,  quite  insoluble  in  alcohol  and  in 
ether.  It  is  much  less  easily  decomposed  than  urea,  remaining  for  a 
long  time  unchanged  under  all  ordinary  conditions.  If  treated  with 
concentrated  sulphuric  acid  it  is  decomposed,  with  the  production  of 
ammonia  and  carbonic  acid.  If  boiled  with  dilute  nitric  acid,  it  dis- 
solves with  a yellow  color  and  abundant  liberation  of  gas-bubbles; 
and,  on  evaporation,  the  solution  leaves  a brilliant  red  stain,  which  is 
changed  to  purple  by  the  addition  of  a drop  of  ammonia  water.  This 
is  known  as  the  “ murexide  test”  for  uric  acid  or  the  urates. 

Uric  acid,  like  urea,  is  formed  within  the  body  by  the  metamorphosis 
of  nitrogenous  organic  substances.  It  is  most  abundant  under  the  use 
of  animal  food,  and  diminished  by  a vegetable  diet,  and  is  reduced  to  a 
minimum,  though  it  does  not  entirely  disappear,  during  complete  absti- 
nence. It  is  this  substance  which  indirectly,  in  great  measure,  causes 
the  acid  reaction  of  the  urine.  It  is  nowhere  present  normally  in  a free 
form,  being  by  itself  exceedingly  insoluble ; but  simultaneously  with 
its  production  it  unites  with  part  of  the  alkaline  bases  of  the  phosphates, 
thus  becoming  mainly  sodium  urate,  which  is  soluble  and  neutral  in 
reaction,  and  giving  rise  to  sodium  biphosphate,  which  communicates 
to  the  urine  its  acid  reaction. 

Sodium  Hippurate,  C!)H8N03Na. 

This  is  also  a saline  body,  formed  by  the  union  of  sodium  with  a 
nitrogenous  organic  acid,  namely,  hippuric  acid , C,,H0NOa,  so  called 
because  it  was  first  discovered  in  the  urine  of  the  hoi-se.  It  is  com- 
paratively abundant  in  the  urine  of  most  herbivorous  animals,  especially 
the  horse,  ox,  sheep,  goat,  elephant,  camel,  and  rabbit;  while  it  is 
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absent,  or  nearly  so,  in  that  of  the  carnivorous  animals.  In  human 
urine,  under  an  ordinary  mixed  diet,  it  is  constantly  present,  amount- 
ing to  about  0.35  gramme  per  day,  or  about  one-half  the  quantity  of 
uric  acid.  It  increases,  however,  perceptibly  under  a vegetable  diet, 
and  diminishes  or  disappears  altogether  under  the  exclusive  use  of  ani- 
mal food.  It  thus  alternates  in  quantity,  under  these  circumstances, 
with  uric  acid.  In  the  urine  of  the  horse,  which  normally  contains 
hippuric  acid,  after  continued  abstinence  from  food,  this  substance 
ceases  to  appear,  and  uric  acid  takes  its  place.  Herbivorous  animals, 
when  deprived  of  food,  are  placed  in  the  condition  of  carnivora,  since 
the  ingredients  of  the  urine  must  then  be  derived  from  the  metamor- 
phosis of  their  own  substance.  In  the  calf,  while  living  upon  the  milk 
of  its  dam,  the  urine  contains  uric  acid;  after  the  animal  is  weaned  and 
begins  to  live  upon  vegetable  food,  the  uric  acid  disappears,  and  the 
urine  contains  salts  of  hippuric  acid. 


CHAPTER  YII. 

FOOD. 


Under  the  term  “ food”  are  included  all  substances,  both  solid  and 
liquid,  necessary  to  sustain  the  process  of  nutrition.  The  first  act  of 
this  process  is  the  appropriation  from  without  of  the  materials  which 
enter  into  the  composition  of  the  living  frame,  or  of  others  which  may 
be  converted  into  them  in  the  interior  of  the  body.  Like  the  tissues 
and  the  fluids,  therefore,  the  food  contains  various  ingredients,  both 
organic  and  inorganic  ; and  the  first  important  fact  to  be  noted  with 
regard  to  them  is  that  no  single  class  of  substances,  by  itself , is  suffi- 
cient to  sustain  life , but  that  several  must  be  supplied,  in  due  propor- 
tion, in  order  to  maintain  the  body  in  a healthy  condition. 

Inorganic  Ingredients  of  the  Food. 

It  is  well  known  that  inorganic  substances,  although  they  afford  the 
necessary  materials  for  vegetation,  are  not  sufficient  for  the  nourish- 
ment of  animals,  which  depend  for  their  support  upon  elements  already 
combined  in  the  organic  form.  Nevertheless,  it  is  equally  true  that  the 
inorganic  matters  are  also  essential  to  animal  life,  and  require  to  be  sup- 
plied in  sufficient  quantity  to  keep  up  the  natural  proportion  in  which 
they  exist  in  the  various  solids  and  fluids.  As  we  have  found  it  to 
be  a general  characteristic  of  these  substances,  that  they  are  exempt 
from  alteration  in  the  interior  of  the  body,  but  are  absorbed,  deposited, 
and  expelled  unchanged,  each  one,  as  a rule,  requires  to  be  present 
under  its  own  form,  and  in  sufficient  quantity  in  the  food.  This  is 
especially  true  of  water  and  sodium  chloride,  both  of  which  enter  and 
leave  the  system  in  abundant  daily  quantity ; and  of  the  calcareous 
salts,  which  during  the  growth  and  ossification  of  the  skeleton  are 
deposited  in  large  proportion  in  the  osseous  tissue.  The  alkaline  car- 
bonates, phosphates,  and  sulphates  are  partly  formed  within  the  system 
during  the  metamorphosis  or  decomposition  of  organic  substances  ; but 
the  elements  of  which  they  are  composed  must  of  course  enter  the 
body  in  some  form,  in  order  to  enable  these  changes  to  be  accomplished. 

Since  water  enters  into  the  composition  of  every  part  of  the  body, 
it  is  important  as  an  ingredient  of  the  food.  In  man,  it  is  probably  the 
most  important  substance  to  be  supplied  with  constancy  and  regularity, 
and  the  system  suffers  more  rapidly  when  entirely  deprived  of  fluids, 
than  when  the  supply  of  solid  food  only  is  withdrawn.  A man  may 
pass  eight  or  ten  hours  without  solid  food,  and  suffer  little  or  no 
inconvenience ; but  if  deprived  of  water  for  the  same  length  of  time, 
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ho  becomes  exhausted,  and  feels  the  deficiency  in  a marked  degree. 
Magendie  found,  in  his  experiments  on  dogs  subjected  to  inanition,'  that 
if  the  animals  were  supplied  with  water  alone  they  lived  six,  eight,  and 
even  ten  days  longer  than  if  deprived  at  the  same  time  ol  both 
solid  and  liquid  food.  Sodium  chloride,  also,  is  usually  added  to  the 
food  in  considerable  quantity,  and  requires  to  be  supplied  as  a condi- 
ment with  tolerable  regularity  ; while  the  remaining  inorganic  materials, 
such  as  the  calcareous  salts,  and  the  alkaline  phosphates  and  sulphates, 
occur  naturally  in  sufficient  quantity  in  most  of  the  articles  used  as 
food. 

The  entire  quantity  of  mineral  substances  discharged  daily  by  a 
healthy  adult,  by  both  the  urine  aud  perspiration,  averages  as  follows : 


Quantity  of  ]\Tineral  ^Matters  discharged  per  day. 

Sodium  and  potassium  chlorides 15-0  grammes. 

Calcareous  and  magnesian  phosphates  . . . .1.0 

Sodium  and  potassium  phosphates  ....  4.5 

Sodium  and  potassium  sulphates  . . . • • 4.0 

24.5 

According  to  the  average  dietaries  for  adults  in  full  health  collected 
by  Dr.  Playfair2  about  20  grammes  of  mineral  matter  are  daily  intro- 
duced with  the  food.  The  remainder  is  to  be  accounted  for  by  the 
phosphates  and  sulphates  formed  within  the  system  as  above  described. 

Non-Nitrogenous  Organic  Ingredients  of  the  Food. 

These  substances,  so  far  as  they  enter  into  the  composition  of  the 
food,  are  divided  into  the  two  natural  groups  already  mentioned— 
namely,  the  carbohydrates , including  starch  and  sugar,  and  the  fats, 
including  all  the  varieties  of  oleaginous  matter.  Since  starch  is  always 
converted  into  glucose  in  the  digestive  process,  these  two  substances 
have  the  same  value  and  significance  as  nutritive  materials.  As  the 
carbohydrates  are  to  be  found  as  a general  rule  only  in  vegetable  pro- 
ducts, they  do  not  constitute  a part  of  the  food  of  carnivorous  animals. 
It  is  true  that  glucose  exists  in  the  milk  even  of  the  carnivora  during 
lactation,  and  is  consequently  supplied  as  a nutritive  material  to  the 
young  animal  during  the  early  portion  of  its  growth.  But  this  supply 
ceases  as  soon  as  the  period  of  lactation  is  finished;  and  the  fact  of  the 
secretion  of  sugar  by  the  mammary  gland,  as  well  as  that  of  its  pioc  ac- 
tion in  the  liver,  shows  that  in  the  carnivorous  animal  the  carbohydrates 
requisite  for  the  process  of  nutrition  may  originate  within  the  body  from 
other  organic  substances.  This  does  not  apply,  however  to  the  vege- 
table feeders  or  to  man.  The  carnivora  have  no  desire  for  vegetab  e 
food,  while  the  herbivora  live  upon  it  exclusively,  and  m man  there 
a natural  craving  for  it,  which  is  almost  universal.  It  may  be  i - 


' Comptes  Rendus  de  FAcadfonie  des  Sciences.  Paris,  tome  xiii.  p.  2o6. 
2 London  Chemical  News,  May  12,  18G5. 
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pensed  with  for  a few  days,  but  not  indefinitely.  The  experiment  has 
often  been  tried,  in  the  treatment  of  diabetes,  of  confining  the  patient 
to  a strictly  animal  diet.  It  has  been  invariably  found  that,  if  this  regi- 
men be  continued  for  some  weeks,  the  desire  for  vegetable  food  becomes 
so  imperative  that  the  plan  of  treatment  is  unavoidably  abandoned. 

A similar  question  has  arisen  with  regard  to  the  oleaginous  matters. 
Are  these  substances  indispensable  as  ingredients  of  the  food,  or  may 
they  be  replaced  by  other  proximate  principles,  such  as  starch  or  sugar  ? 
It  has  already  been  seen,  from  the  experiments  of  Boussingault  and 
others,  that  a certain  amount  of  fat  is  produced  in  the  body  over  and 
above  that  which  is  taken  with  the  food ; and  it  appears  also  that  a 
regimen  abounding  in  saccharine  substances  is  favorable  to  the  produc- 
tion of  fat.  It  is  altogether  probable,  therefore,  that  the  materials  for 
the  production  of  fat  may  be  derived,  under  these  circumstances,  either 
directly  or  indirectly  from  saccharine  matters.  But  saccharine  matters 
alone  are  not  sufficient.  Dumas  and  Milne-Edwards1  found  that  bees, 
fed  on  pure  sugar,  soon  cease  to  work,  and  sometimes  perish  in  con- 
siderable numbers ; but  if  fed  with  honey,  which  contains  some  waxy 
and  other  matters  beside  the  sugar,  they  thrive  upon  it ; and  produce, 
in  a given  time,  a much  larger  quantity  of  fat  than  was  contained  in 
the  whole  supply  of  food. 

The  same  thing  was  established  by  Boussingault  with  regard  to 
starchy  matters.  He  found  that  in  fattening  pigs,  though  the  quantity 
of  fat  accumulated  by  the  animal  considerably  exceeded  that  contained 
in  the  food,  yet  fat  must  enter  to  some  extent  into  the  composition  of 
the  food  in  order  to  maintain  the  animal  in  good  condition ; for  pigs, 
fed  on  boiled  potatoes  alone  (an  article  abounding  in  starch  but  nearly 
destitute  of  oily  matter),  fattened  slowly  and  with  difficulty ; while 
those  fed  on  potatoes  mixed  with  a greasy  fluid  fattened  readily,  and 
accumulated  much  more  fat  than  was  contained  in  the  food. 

The  apparent  discrepancy  between  these  facts  may  be  easily  explained, 
when  we  recollect  that,  in  order  that  an  animal  become  fattened,  it  must 
be  supplied  not  only  with  the  materials  of  the  fat  itself,  but  also  with 
everything  else  necessary  to  maintain  the  body  in  a healthy  condition. 
Oleaginous  matter  is  one  of  these  necessary  substances.  The  fats  taken 
in  with  the  food  are  not  simply  introduced  into  the  body  and  deposited 
unchanged.  On  the  contrary,  they  are  altered  and  used  up  in  the  pro- 
cess of  digestion  and  nutrition ; while  the  fats  which  appear  as  con- 
stituents of  the  tissues  are,  in  great  part,  of  new  formation,  and  are 
produced  from  materials  derived,  perhaps,  from  a variety  of  sources. 

It  is  certain,  then,  that  either  one  or  the  other  of  these  two  groups  of 
substances,  saccharine  or  oleaginous,  must  enter  into  the  composition 
of  the  food ; and  furthermore,  that,  though  oily  matter  may  sometimes 
be  produced  in  the  body  from  the  sugars,  it  is  also  necessary  for  perfect 
nutrition  that  fat  be  supplied,  under  its  own  form,  with  the  food.  For 

1 Annales  dc  Chiraie  et  de  Physique,  3d  series,  tome  xiv.  p.  400. 
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man  it  is  natural  to  have  them  both  associated  in  the  alimentary  ma- 
terials. They  occur  together  in  most  vegetable  substances,  and  there  is 
a natural  desire  for  them  both,  as  elements  ot  the  food. 

They  are  not,  however,  when  alone,  or  even  associated  with  each 
other,  sufhcient  for  the  nutrition  of  the  animal  body.  Magendie  found 
that  dogs,  fed  exclusively  on  starch  or  sugar,  perished  after  a short 
time  with  symptoms  of  profound  disturbance  ot  the  nutritive  luuctions. 
An  exclusive  diet  of  butter  or  lard  had  a similar  eflect.  The  animal 
became  exceedingly  debilitated,  though  without  much  emaciation ; and 
after  death,  all  the  internal  organs  and  tissues  were  found  infiltrated 
with  oil.  Boussingault1  performed  a similar  experiment,  with  a like 
result,  upon  a duck,  which  was  kept  upon  an  exclusive  regimen  of  butter. 
“The  duck  received  90  to  100  grammes  of  butter  every  day.  At  the 
end  of  three  weeks  it  died  of  inanition.  The  butter  oozed  from  every 
part  of  its  body.  The  feathers  looked  as  though  they  had  been  steeped 
in  melted  butter,  and  the  body  exhaled  an  unwholesome  odor  like  that 
of  butyric  acid.” 

Lehmann  was  led  to  the  same  result  by  experiments  performed  upon 
himself  for  the  purpose  of  ascertaining  the  effect  produced  on  the  mine 
by  different  kinds  of  food.2  This  observer  confined  himself  first  to  a 
purely  animal  diet  for  three  weeks,  afterward  to  a purely  vegetable  one 
for  sixteen  days,  without  any  marked  inconvenience.  He  then  put  him- 
self upon  a regimen  consisting  entirely  of  non-nitrogenous  substances, 
starch,  sugar,  gum,  and  oil,  but  was  only  able  to  continue  this  diet  for 
two,  or  at  most  for  three  days,  owing  to  the  disturbance  ot  1 e geneiu 
health  which  supervened.  The  unpleasant  symptoms,  howevei,  imme 
diately  disappeared  on  his  return  to  an  ordinary  mixed  diet.  n some 
instances  a restricted  diet  of  this  kind  can  be  borne  for  a longer  time. 
Dr.  Parkes3  kept  two  soldiers  upon  non-nitrogenous  food  a one  oi 
consecutive  days  without  their  exhibiting  serious  signs  ot  p } sica  ex 
haustion.  Prof.  Win.  A.  Hammond,1  in  experiments  performed  upon 
himself,  was  enabled  to  live  for  ten  days  on  a diet  of  boded  starch  ant 
water.  After  the  third  day,  however,  the  general  health  eg™  ° 
deteriorate,  and  became  much  disturbed  before  the  termination  ot  the 
experiment.  The  prominent  symptoms  were  debility , headache,  py  iosis, 
and  palpitation.  After  the  starchy  diet  was  abandoned,  it  required 
some  days  to  restore  the  health  to  its  usual  condition. 

Nitrogenous  Ingredients  of  the  Food. 

The  nitrogenous  or  albuminous  nutritive  principles  enter  so  largely 
into  the  constitution  of  the  animal  tissues  and  fluids,  a eu  uni  - 
ance,  as  elements  of  the  food,  is  easily  understood.  ?vo  food  can 


1 Chimie  Agricole.  Paris,  1854,  p.  166. 
i Journal  fur  praktische  Chemie,  Band  xxvii.  p. 
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long  nutritious,  unless  a certain  proportion  of  these  substances  be 
present  in  it.  Since  they  are  so  abundant  as  ingredients  of  the  body, 
their  absence  from  the  food  is  felt  more  speedily  than  that  of  any  other 
substance  except  water.  They  have,  therefore,  sometimes  received  the 
name  of  “ nutritious  substances,”  in  contradistinction  to  those  of  the 
second  class,  which  contain  no  nitrogen,  aud  which  are  found  to  be 
insufficient  for  the  support  of  life.  The  albuminous  substances,  however, 
when  taken  alone,  are  no  more  capable  of  supporting  life  indefinitely 
than  the  others.  It  was  found  in  the  experiments  of  the  French 
“ Gelatine  Commission”1  that  animals  fed  on  pure  fibrine  and  albumen, 
as  well  as  those  fed  on  gelatine,  become,  after  a short  time,  much 
enfeebled,  refuse  the  food  offered  to  them,  or  take  it  with  reluctance, 
and  finally  die  of  inanition.  This  result  has  been  explained  by  sup- 
posing that  these  substances,  when  taken  alone,  excite  after  a time 
such  disgust  that  they  are  either  no  longer  taken,  or  if  taken  are  not 
digested.  But  this  disgust  is  simply  an  indication  that  the  substances 
used  are  insufficient  and  finally  useless  as  articles  of  food,  and  that  the 
system  demands  other  materials  for  its  nourishment.  It  is  well  de- 
scribed by  Magendie,  in  the  report  of  the  commission  above  alluded 
to,  while  detailing  his  investigations  on  the  nutritive  qualities  of  gela- 
tine. “ The  result,”  he  says,  “ of  these  first  trials  was  that  pure  gelatine 
was  not  to  the  taste  of  the  dogs  experimented  on.  Some  of  them  suf- 
fered the  pangs  of  hunger  with  the  gelatine  within  their  reach,  and  would 
not  touch  it ; others  tasted  of  it,  but  would  not  eat ; others  still  de- 
voured a certain  quantity  once  or  twice,  and  then  obstinately  refused  to 
make  any  further  use  of  it.” 

In  one  instance,  Magendie  succeeded  in  inducing  a dog  to  take  a 
considerable  quantity  of  pure  fibrine  daily  throughout  the  whole  course 
of  the  experiment ; but  notwithstanding  this,  the  animal  became  ema- 
ciated, and  died  at  last  with  the  symptoms  of  inanition. 

It  is  evident,  therefore,  that  no  single  proximate  principle,  nor  even 
any  one  class  alone,  can  be  sufficient  for  nutrition.  The  albuminous 
substances  are  first  in  importance  because  they  constitute  the  largest 
part  of  the  mass  of  the  body ; and  exhaustion  follows  more  rapidly 
when  they  are  withheld  than  when  the  animal  is  deprived  of  other  kinds 
of  alimentary  matter.  But  starchy  and  oleaginous  substances  are  also 
requisite ; and  the  body  feels  the  want  of  them  sooner  or  later,  though 
it  may  be  plentifully  supplied  with  albuminous  food.  Finally,  the  inor- 
ganic saline  matters,  though  in  smaller  quantity,  are  also  necessary  to 
the  continued  maintenance  of  life.  In  order  that  the  animal  tissues  and 
fluids  remain  healthy,  and  take  their  proper  part  in  the  functions  of 
life,  they  must  be  supplied  with  all  the  ingredients  necessary  to  their 
constitution  ; and  a man  may  be  starved  to  death  at  last  by  depriving 
him  of  sodium  chloride  or  lime  phosphate  as  surely,  though  not  so 
rapidly,  as  if  he  were  deprived  of  albumen  or  oil. 

1 Comptes  Rendus  de  l’Acad6mie  des  Sciences.  Paris,  1841,  tom.  xiii.  p.  267. 
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Composition  of  Different  Articles  of  Food. 

In  the  most  valuable  and  nutritious  kinds  of  food,  which  have  been 
adopted  by  the  universal  and  instinctive  choice  of  man,  the  first  three 
classes  of  proximate  principles  are  all  more  or  less  abundantly  repre- 
sented. In  all  there  exists  naturally  a certain  proportion  of  saline 
matter;  and  water  and  sodium  chloride  are  generally  taken  in  addition. 

Milk. — In  milk,  the  first  food  supplied  to  the  infant,  and  largely 
employed  in  various  culinary  preparations,  all  the  important  groups  ol 
nutritive  substances  are  present.  It  is  a white,  opaque  fluid,  consisting, 
1st,  of  a serous  portion,  which  contains  albuminous  matters,  sugar,  and 
mineral  salts  in  solution,  and,  2d,  of  fatty  globules  suspended  in  the 
watery  liquid.  It  is  this  mixture  of  oleaginous  particles  with  a serous 
fluid  which  gives  to  the  milk  its  opacity  and  its  white  color.  Its  lich- 
ness  in  fatty  matter  may  therefore  be  estimated  from  these  physical 
qualities.  The  ingredients  in  cow’s  milk  are  present  in  the  following 
proportions,  according  to  Payen  : 

Composition  op  Cow’s  Milk  in  1000  parts. 

Water 

Nitrogenous  matter  (caseine  aud  albumen)  ....  43 

Sugar  of  milk ^ 

Fat 2,1 

Mineral  salts 

1000 


Cow’s  milk  resembles  human  milk  in  its  general  characters,  but  con- 
tains a larger  proportion  of  solid  ingredients,  especially  of  the  nitro- 
genous and  saccharine  matters,  fat  being  present  in  nearly  the  same 
amount  in  each.  Sheep  and  goat’s  milk  is  richer  in  both  nitrogenous 
and  fatty  matters  ; while  the  milk  of  the  ass  and  the  mare  contains  a 
greater  abundance  of  sugar,  but  is  comparatively  poor  in  nitrogenous 
matter  and  fat.  The  nitrogenous  matter  of  milk  consists  almost  entirely 
of  caseine,  associated  with  a very  small  proportion  of  albumen.  Owing 
to  the  relative  quantity  of  these  two  substances,  milk  does  not  solidify 
on  boiling,  but  merely  covers  itself  with  a thin  pellicle  of  coagulated 
albumen,  the  caseine  remaining  liquid.  The  addition  of  any  acid,  how- 
ever such  as  acetic  or  tartaric  acid,  will  precipitate  the  caserne  and 
curdle  the  milk.  If  milk  be  allowed  to  remain  exposed  to  the  air  at  a 
moderately  warm  temperature,  it  curdles  spontaneously,  owing  to  the 
development  of  lactic  acid,  due  to  a transformation  of  its  sugar ; and 
the  same  change  will  sometimes  occur  instantaneously  from  electric 


disturbance,  during  a thunder  storm.  , 

The  caseine  of  milk,  artificially  coagulated  by  the  action  of  rennet, 
constitutes  cheese.  Rennet  is  the  dried  contents  and  mucous  membrane 
of  the  stomach  of  the  calf,  the  animal  being  killed  and  the  stomach 
taken  out  while  digestion  is  in  full  activity  and  the  gastric  fluids  abun- 
dantly secreted.  A faintly  acidulated  infusion  of  this  substance  even  m 
small  quantity,  added  to  fresh  milk  at  the  temperature  of  30  (86  F.) 
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produces  complete  coagulation  in  fifteen  or  twenty  minutes,  ihe  coagu- 
Inm  is  drained  from  the  watery  serum  or  “ whey,”  and  afterward  pressed 
into  the  form  of  cheese.  The  variety  in  consistency  and  flavor  of  differ- 
ent cheeses  depends  mainly  on  the  proportion  of  fatty  matter  retained  in 
the  coagulum,  and  upon  certain  slow  changes,  in  the  nature  of  fermen- 
tations, which  go  on  in  it  subsequently. 

The  fatty  matter  of  milk  is  suspended  in  the  serous  portion  under  the 
form  of  minute  spheroidal  masses.  These  little  masses  or  “ milk-glob- 
ules” are  not  quite  fluid  at  ordinary  temperatures,  but  have  a semi-solid 
consistency  owing  to  their  containing  a considerable  proportion  of  pal- 
mitine.  The  fat  globules,  separated  by  churning  from  the  other  ingre- 
dients of  the  milk,  and  made  to  unite  into  a coherent  mass,  constitute 
butter.  This  substance,  accordingly,  represents  simply  the  oleaginous 
ingredients  of  the  milk ; and  when  purified  from  the  watery  portions 
entangled  with  it,  consists  mainly  of  palmitine  and  oleine,  together 
with  a small  proportion  of  peculiar  odoriferous  and  flavoring  ingredi- 
ents, the  principal  of  which  has  received  the  name  of  “ butyrine.”  These 
substances  are  usually  mingled  in  the  following  proportions : 

Palmitine 68  parts. 

Oleine 30  “ 

Butyrine  and  other  flavoring  matters  . . . . 2 “ 

100 

When  well  prepared  and  in  good  condition,  butter  constitutes  one  of 
the  most  valuable  and  easily  assimilated  forms  of  oleaginous  food.  If 
contaminated  with  the  remains  of  the  nitrogenous  matter  of  the  milk, 
its  fatty  ingredients  after  a time  become  decomposed  with  the  develop- 
ment of  volatile  fatty  acids  ; in  which  condition  the  butter  is  said  to  be 
“ rancid,”  and  is  no  longer  fit  for  food. 

Bread. — The  cereal  grains  resemble  each  other  more  or  less  in  their 
constitution,  all  of  them  containing  starch,  nitrogenous  matter,  dextrine 
or  sugar,  fat,  and  mineral  salts  in  various  proportions.  Wheat  is  dis- 
tinguished from  the  remainder  in  containing  a considerably  larger  quan- 
tity of  nitrogenous  matter  as  compared  with  the  other  ingredients,  and 
in  the  peculiarly  adhesive  or  fibrinous  quality  of  this  substance,  which 
has  received  accordingly  the  name  of  “ gluten.”  The  different  grains 
in  common  use  for  food  have  when  dry  the  following  average  compo- 
sition, according  to  Payen. 


Composition  of  the  Cereal  Grains. 


Nitrogenous 

matter. 

Starch. 

Dextrine, 

etc. 

Fat. 

Cellulose. 

Mineral 

Balts. 

Wheat  .... 

18.00 

66.80 

7.50 

2.10 

3.10 

2.50 

Rye 

12.50 

64.65 

14.90 

2.25 

3.10 

2.60 

Barley  .... 

12.96 

66.43 

10.00 

2.76 

4.75 

3.10 

Oats  .... 

14.39 

60.59 

9.25 

5.50 

7.06 

3.25 

Indian  corn  . . 

12.50 

67.55 

4.00 

8.80 

5.90 

1.25 

Rice  .... 

7.55 

88.65 

1.00 

0.80 

1.10 

0.90 
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Thus,  of  the  different  grains,  that  of  oats  contains,  next  to  wheat,  the 
largest  proportion  of  nitrogenous  matters ; but  it  also  contains  a con- 
siderable abundance  of  cellulose,  or  indigestible  vegetable  tissue,  which 
interferes  with  its  nutritive  quality  as  human  food.  Indian  corn  is 
especially  rich  in  fatty  ingredients,  while  rice  consists  mainly  of  starch, 
and  is  the  poorest  of  all  in  both  nitrogenous  and  fatty  ingredients. 

Wheat  is  more  valuable  than  the  other  cereal  grains  for  the  purpose 
of  making  bread,  not  ouly  on  account  of  its  larger  proportion  of  albu- 
minous matter,  but  also  on  account  of  the  peculiar  glutinous  quality  of 

this  ingredient,  already  mentioned. 

In  preparing  the  wheat,  the  grains  are  first  cleansed  from  husks  and 
adherent  foreign  material,  ground  into  meal,  and  the  finer  and  w'hiter 
portions  derived  from  the  interior  of  the  grain  separated  by  sifting 
and  bolting  from  the  coarser  external  parts,  or  bran.  Thus  purified,  the 
flour  consists  of  starch,  gluten,  diastase,  dextrine,  a little  fat,  sometimes 
a trace  of  sugar,  mineral  salts,  and  about  15  per  cent,  ol  water,  which  is 
never  fully  expelled  by  ordinary  drying.  Tor  making  into  bread,  the 
flour  is  mixed  with  about  one-half  its  weight  of  water,  and  kneaded  into 
a flexible  dough  of  uniform  consistency.  The  next  process  is  the  fer- 
mentation of  the  dough.  For  this  purpose  a little  yeast  is  incorporated 
■with  it,  and  the  mixture  allowed  to  remain  for  a few  hours  at  a tem- 
perature of  about  25°  (77° F.).  During  this  time  the  sugar  originally 
present  in  the  flour,  and  that  produced  from  the  starch  and  dextrine  by 
the  action  of  the  diastase,  passes  into  fermentation  under  the  influence 
of  the  yeast,  and  is  transformed  into  alcohol  and  carbonic^  acid.  The 
alcohol  is  dissipated  by  evaporation ; but  the  carbonic  acid,  which  is 
generated  in  small  gas-bubbles,  is  entangled  by  the  tenacious  gluten  of 
the  flour,  and  the  dough  is  thus  puffed  up  into  a spongy,  reticulated 
mass.  When  the  fermentation  of  the  dough  is  completed,  it  is  placed  m 
ovens,  and  baked  at  a temperature  of  210°  (about  400°  F.).  The  effect 
of  this  heat  is  to  cook  the  glutinous  part  of  the  dough,  communicatiug 
to  it  an  agreeable  flavor,  and  at  the  same  time  solidifying  it;  so  that 
the  substance  of  the  baked  loaf,  when  cut  open,  retains  its  spougy  anc 
reticulated  texture.  It  is  thus  made  easy  of  mastication,  and  readily 
permeable  by  the  saliva  and  other  digestive  fluids.  The  spongy  texture 
acquired  by  bread  is  the  main  object  of  its  fermentation,  although  an 
agreeable  flavor  is  also  developed  by  the  process,  which  does  not  exist 
in  unfermented  bread.  The  interior  of  the  loaf,  m baking,  does  not  rise 
above  100°  (212°F.);  the  exterior,  which  is  subjected  to  a higher  tem- 
perature, becomes  covered  with  a crust  formed  of  partially  torrefied 
starch  or  dextrine,  and  caramelized  sugar.  The  interior  of  the  loa  a so 
usually  retains  a little  glucose,  which  is  not  all  destroyed  m the  process 
of  fermentation.  A considerable  portion  of  the  water  which  was  m 
with  the  flour  remains  permanently  united  with  its  organic  ingier  len  s , 
so  that  100  parts  of  flour  will  usually  yield,  after  baking,  130  paits,  y 

weight,  of  bread. 
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Wheaten  bread,  prepared  in  this  way,  has  the  following  average  com- 
position : 


Composition  of  Wheaten  Bread. 


Starchy  matters  (starch,  dextrine,  glucose)  . ...  56.7 

Albuminous  matter  (gluten,  etc.) 7.0 

Fatty  matter 1-3 

Mineral  matter  (calcareous,  magnesian,  and  alkaline  salts)  . . 1.0 

Water 34.0 


100.0 

Thus,  while  bread  contains  an  abundance  of  albuminous  and  starchy 
matter,  it  is  deficient  in  fat ; and  instinct  accordingy  leads  ns  to  take 
with  it  butter,  fat  bacon,  or  some  other  form  of  oleaginous  food. 

The  good  quality  of  bread,  aside  from  that  of  the  flour  of  which  it  is 
made,  depends  mainly  on  the  success  of  the  process  of  fermentation.  If 
this  be  incomplete,  the  bread  is  heavy,  and  not  sufficiently  reticulated  - 
in  texture.  If  it  be  allowed  to  go  on  beyond  the  proper  time,  it  passes 
into  an  acid  fermentation,  and  develops  a sour  taste.  If  properly 
conducted,  the  bread  is  uniformly  light  and  spongy,  and  has  no  acid 
reaction. 

Meat. — The  muscular  flesh  of  various  animals  affords  an  exceedingly 
valuable  and  nutritious  food,  of  which  beef,  mutton,  and  venison  hold 
the  highest  place.  The  muscular  fibre  itself  consists  almost  exclusively 
of  nitrogenous  matters,  but  in  point  of  fact  the  flesh  used  for  food  is 
always  accompanied  with  more  or  less  adipose  tissue,  and  even  when 
freed  from  visible  fat,  there  is  always,  according  to  Payen  and  Pavy, 
more  or  less  oleaginous  matter  entangled  with  the  muscular  fibres.  In 
various  kinds  of  meat,  and  even  in  meat  from  different  parts  of  the 
same  animal,  the  proportion  of  fat  will  vary  considerably ; but  it  was 
found  by  Pavy,  in  one  of  the  best  and  most  commonly  used  portions  of 
beef,  to  amount  to  about  5 per  cent,  of  the  whole. 

Composition  of  Beef  Flesh. 


Water  . 77.5 

Albuminous  matter 16.0 

Fat 5.0 

Mineral  salts 1.5 


100.0 

The  mineral  matters  consist  of  alkaline  chlorides  and  phosphates,  with 
phosphates  of  lime  and  magnesia. 

In  the  cooking  of  meat  by  roasting  or  broiling,  the  external  parts  are 
exposed  to  a rapid  heat  of  120°  or  130°  (260°  F.)  by  which  their  albu- 
minous parts  are  coagulated,  their  coloring  matter  turned  brown,  and  a 
characteristic  flavor  developed.  The  interior,  which  does  not  rise  above 
65°  (150°  F.)  remains  red  and  juicy,  its  fluids  being  protected  from 
evaporation  by  the  coagulation  of  the  outer  portions.  In  boiling,  where 
the  meat  is  cooked  by  contact  with  the  boiling  water,  none  of  it  rises 
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above  the  temperature  of  100°  (212°  F.) ; but  this  may  penetrate 
throughout  the  whole  substance  of  the  meat,  producing  a unilorm 
decolorization.  Notwithstanding  the  coagulation  of  the  albuminous 
liquids  by  boiling,  the  fibrous  connective  tissues  are  gelatinized,  and 
the  muscular  flesh  thus  partially  softened  and  disintegrated.  On  the 
whole,  the  effect  of  cooking  upon  meat  is  to  increase  the  consistency 
of  its'  albuminous  ingredients,  its  principal  benefit  being  the  attractive 
flavor  which  is  developed  by  the  aid  of  heat,  and  no  doubt  an  increased 
digestibility  from  the  same  cause.  By  either  method,  meat  loses  in 
cooking  from  25  to  30  per  cent,  of  its  weight,  principally  by  the  escape 
of  water  and  liquefied  fat. 

Eggs. The  eggs  of  various  animals  are  used  for  food,  as  those  of  the 

common  fowl,  the  duck,  goose,  turkey,  seafowl,  turtles,  and  the  roe  of 
many  kinds  of  fish.  Those  of  the  common  fowl,  which  are  the  most 
abundantly  used,  may  be  considered  as  representing  the  general  quali- 
- ties  of  this  article  of  nourishment.  They  consist  of  the  globular  “ yolk, 
surrounded  by  a layer  of  albumen  or  “ white.”  The  composition  of 
these  two  portions  is  nearly  the  same,  excepting  that  the  yolk  contains 
a larger  proportion  of  solids  and  particularly  of  fatty  matter  which  gives 
to  it&its  yellow  color  and  rich  flavor.  A comparative  analysis  of  the 
yolk  and  white  is  as  follows : 


Composition  of  the  Fowl's  Egg. 


Albuminous  matter 
Fat 

Mineral  salts 
Water 


Yolk. 

White. 

16.0 

20.4 

30.7 

1.3 

1.6 

52.0 

78.0 

100.0 

100.0 

The  mineral  matters  consist  mainly  of  the  sodium  and  potassium 
chlorides,  potassium  sulphate,  and  lime  and  magnesium  phosphates. 
Of  the  entire  contents  of  the  egg,  exclusive  of  the  shell,  the  yolk  consti- 
tutes one-third,  and  the  white  two-thirds.  Cooking  produces  but  little 
effect  upon  eggs  except  to  coagulate  their  albuminous  matters,  since 
these  are  comparatively  but  little  susceptible  of  developing  any  marked 
flavor  by  the  action  of  heat. 

Vegetables.— Of  the  different  vegetables  used  as  food,  some  are  valu- 
able for  their  solid  starchy  and  albuminous  ingredients,  others  mainly 
for  their  saccharine  and  watery  juices.  The  former  are  nutritious  in 
the  ordinary  sense  of  the  word,  though  much  less  so  than  bread  or  a - 
mal  food ; the  latter  are  useful  for  supplying  certain  materials  contained 
in  the  fresh  vegetable  juices  which  are  essential  to  the  continued  mai  - 
tenance  of  health.  The  most  important  of  the  first  group  are  repre- 
sented by  the  potato  and  the  leguminous  seeds.  The  tuber  of  the  potato 
abounds  in  starch,  but  is  poor  in  other  nutritive  ingredients. 


FOOD. 


123 


Composition  of  the  Potato. 


Starch  

. 20.0 

Albuminous  matter  . 

2.5 

Sugar  and  gum 

. i.i 

Fatty  matter  .... 

0.1 

Cellulose 

1.0 

Mineral  and  vegetable  salts 

. 1.3 

Water 

, . . . 74.0 

100.0 


The  leguminous  seeds,  on  the  other  hand,  contain  an  abundance  of 
albuminous  matter,  similar  in  character  to  the  caseine  of  milk,  and 
called  “ legumine.” 

Composition  of  White  Beans. 


Starch 55.7 

Albuminous  matter 25.5 

Fatty  matter 2.8 

Cellulose 2.9 

Mineral  salts 3.2 

Water 9-9 


100.0 

The  composition  of  dried  peas  is  very  similar  to  the  above,  the 
starchy  matters  only  being  present  in  rather  larger,  the  albuminous 
ingredients  in  rather  smaller  proportion.  Notwithstanding  the  abund- 
ance of  nitrogenous  matter  in  leguminous  seeds,  its  quality  is  inferior 
to  that  contained  in  the  cereal  grains.  Peas  and  beans  also  have  a 
texture  which  renders  them  comparatively  difficult  of  digestion,  and 
requires  long  boiling  to  fit  them  for  use  as  food.  The  same  is  true  of 
many  juicy  and  saccharine  roots,  such  as  beets  and  parsnips,  which 
appear  to  have  a comparatively  soft  consistency,  but  which  nevertheless 
need  prolonged  boiling.  The  object  and  effect  of  the  cooking  process 
in  vegetables  generally  is  to  disintegrate  and  soften  their  texture,  and 
particularly,  by  the  aid  of  heat  and  moisture,  to  bring  their  starchy 
ingredients  into  the  hydrated  condition.  Raw  starch  is  nearly  or  quite 
indigestible  by  man,  and  if  taken  into  the  stomach  under  that  form  will 
often  pass  unchanged  from  the  bowels  ; but  when  thoroughly  hydrated 
it  is  easily  acted  on  and  transformed  into  glucose  by  the  digestive  fluids. 
It  is  for  this  reason  that  starchy  vegetables  require  more  thorough  cook- 
ing to  render  them  digestible  than  most  kinds  of  animal  food. 

Beside  the  more  solid  kinds  of  vegetable  food,  many  of  the  pulpy  and 
succulent  fruits  and  herbaceous  substances  are  valuable  as  an  addition 
to  the  nutritive  regimen — celery,  lettuce,  parsley,  spinach,  with  all  the 
sweet  fruits  and  melons,  are  used  with  advantage  either  in  the  raw  or 
cooked  form.  They  introduce  into  the  system  a large  number  of  salts 
of  the  vegetable  acids,  such  as  malates,  tartrates,  and  citrates,  the 
privation  of  which  for  a long  time  is  one  of  the  inducing  causes  of 
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scurvy.  The  green  parts  of  vegetables  are  no  cloubt  also  useful  by 
furnishing  to  the  system  a supply  ot  iron  contained  in  theii  chlorophylle. 

From  what  has  been  said  above,  it  will  be  seen  that  the  nutritious 
character  of  any  substance,  or  its  value  as  an  article  of  food,  does  not 
depend  simply  upon  its  containing  either  one  of  the  alimentary  substances 
ill  large  quantity;  but  upon  its  containing  them  mingled  together  in 
such  proportion  as  is  requisite  for  the  healthy  nutrition  ot  the  body. 
What  these  proportions  are  cannot  be  determined  from  simple  chemical 
analysis,  nor  from  any  other  data  than  those  derived  from  observation 
and  experiment. 


Kequisite  Quantity  of  Food  and  of  its  Different  Ingredients. 

The  entire  quantity  of  food  required  per  day  varies  with  the  circum- 
stances of  the  individual,  such  as  the  size  and  weight  of  the  body,  the 
comparative  development  of  the  muscular  and  other  systems,  the  tem- 
perature, and  especially  the  amount  of  physical  activity.  More  food  is 
required,  on  the  average,  in  cold  than  in  warm  weather,  more  by  persons 
of  a muscular  than  by  those  of  an  adipose  or  phlegmatic  constitution, 
more  in  a condition  of  active  exertion  than  in  one  of  comparative  repose. 
Even  the  proportion  of  different  classes  of  proximate  principles  required 
for  nutrition  varies  to  a considerable  extent  according  to  special  condi- 
tions When  the  individual  is  in  a perfectly  healthy  condition,  and  so 
situated  that  he  can  supply  himself  at  will  with  any  kind  of  nourishment 
desired,  the  natural  demands  of  the  appetite  afford  the  surest  criterion 
for  both  the  quantity  and  quality  of  the  food  to  be  used.  But  no 
infrequently  provision  must  be  made  in  advance  for  supplies  destinec 
to  last  over  a considerable  period,  as  in  the  case  of  military  or  exploring 
expeditions,  or  for  the  inmates  of  hospitals  or  asylums  where  the  diet 
must  be  regulated  to  a great  extent  upon  a uniform  plan  It  theiefoie 
becomes  important  to  know  both  the  quantity  and  kind  of  food  necessary 

for  the  support  of  life.  ...  , ,. 

The  standard  adopted  for  this  estimate  is  that  of  a healthy  adult 
man  employed  in  active  but  not  exhausting  occupation.  The  amount 
requisite1  will  be  found  to  vary  in  either  direction  from  this  standard, 

Sing  to  the  circumstances  above  mentioned.  The  average  require- 
ments as  given  by  different  authors  do  not  vary  materially  from  each 
other  in  any  essential  particular.  According  to  our  own  observations 
a man  in  full  health,  taking  active  exercise  m the  open  air,  and  restnc 
to  a diet  of  bread,  fresh  meat,  and  butter,  with  water  and  coffee  for  drink, 
consumes  the  following  quantities  per  day : 


Quantity  op  Food  required  per  day 


Meat 

Bread 

Butter  or  fat 
Water 


453  grammes. 
540 
100 
1530 


This  represents  the  requisite  daily  quantity  of  food  and  the  propor- 
tions  of  S different  kinds,  reken  composed  of  such  articles  as  are  most 
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completely  nutritious,  and  of  the  most  uniform  composition.  For  the 
continued  maintenance  of  health  and  strength  in  a working  condition, 
other  articles,  such  as  fresh  vegetables,  sugar,  milk,  fruit,  etc.,  should 
be  mingled  with  the  above,  in  a variety  of  proportions  ; but  there  is  no 
doubt  that  bread  and  fresh  meat,  with  a certain  quantity  of  fat,  will 
prove  sufficient  for  the  wants  of  the  system,  for  a longer  time  than  any 
other  single  articles  of  food. 

Such  a diet  also  affords  the  best  means  of  ascertaining  the  absolute 
and  relative  quantities  of  the  different  proximate  principles  required  for 
food.  If  we  take  the  average  composition  of  meat  and  bread,  and  esti- 
mate the  quantities  of  their  solid  albuminous,  starchy,  and  saline  ingre- 
dients, together  with  the  water  contained  in  both  solid  and  liquid  food, 
we  find  that  the  daily  ration  is  composed  nearly  as  follows : 

Albuminous  matter 130  grammes. 

Starch  and  sugar 300  “ 

Fat 100  “ 

Mineral  salts 20  “ 

Water 2000 

Of  the  mineral  salts,  nearly  eight  grammes  are  naturally  contained  in 
the  substances  used  for  food  and  drink ; the  remainder  consists  of  sodium 
chloride,  artificially  added  to  the  food,  or  used  in  its  preparation. 

The  proportion  in  which  the  albuminous  and  the  non-nitrogenous 
principles  should  be  mingled  in  the  food  is  of  considerable  importance, 
and  this  proportion  has  been  determined  within  very  accurate  limits. 
In  making  such  an  estimate  it  is  necessary  to  include  the  carbohydrates 
(starch  and  sugar)  and  the  fats  under  the  same  head ; but  the  fats  are 
properly  regarded  by  all  writers  as  having  a different  alimentary  value 
from  the  carbohydrates.  This  depends  upon  the  well-known  fact  that 
the  final  result  of  the  transformation  in  the  living  body  of  all  the  non- 
nitrogenous  substances  is  carbonic  acid  and  water,  thus  representing  a 
process  of  oxidation,  the  necessary  oxygen  being  introduced  with  the 
inspired  air.  But  the  capacity  for  oxidation  of  the  fats  is  greater  than 
that  of  the  carbohydrates,  as  shown  by  the  relative  proportion  by  weight 
of  their  constituent  elements. 


Here  the  oxygen  is  already  present  in  sufficient  proportion  to  saturate 
all  the  hydrogen  by  the  formation  of  water;  while  the  44.41  parts  of 
carbon  will  unite  with  118.58  parts  of  oxygen  to  form  carbonic  acid. 

On  the  other  hand,  if  we  take  palmitine  as  representing  the  average 
constitution  of  the  fats,  we  have — 


or,  in  100  parts,  H 6.17 
O 49.36 


C 44.47 


162 


100.00 


or,  in  100  parts,  H 12.15 
O 11.92 


0 75.93 


806 


100.00 
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Here  the  oxygen  is  present  in  much  diminished  proportion  ; and,  for 
complete  oxidation  of  the  fat,  to  form  carbonic  acid  and  water,  the  75.93 
parts  of  carbon  will  require  202.48  parts  of  oxygen,  and  the  12.15  parts 
of  hydrogen  will  need  85.28  additional,  over  and  above  the  11.92  parts 
of  oxygen  already  present.  Thus  the  quantities  of  oxygen  appropriated 
during  complete  oxidation,  by  starch  and  fat  respectively,  are  as 
follows : 


Quantity  of  Oxygen  required  for  the  Complete  Oxidation  of 

100  parts  of  starch 118.58 

“ “ “ fat 287.76 


A fatty  substance,  therefore,  has  a capacity  for  the  production  of  car- 
bonic acid  and  water,  by  oxidation,  about  2.4  times  greater  than  that  of 
starch.  In  estimating,  accordingly,  the  requisite  quantity  of  all  the  non- 
nitrogenous  matters  taken  together,  the  fat  is  calculated  as  starch  upon 
this  basis  ; one  part  of  fat,  by  weight,  being  reckoned  as  equal  to  2.4 
parts  of  starch.  This  quantity,  added  to  that  of  the  carbohydrates  in 
the  food,  is  sometimes  called  the  “ starch-equivalent”  of  the  non-nitro- 
genous  matters. 

If  we  ascertain  the  amount  of  solid  albuminous  and  non-nitrogenous 
matter  contained  in  the  daily  food  of  an  ordinary  nutritious  diet  of 
mixed  quality,  we  find  that  the  non-nitrogenous  matters,  reckoned  as 
starch,  amount  to  four  or  five  times  as  much  as  the  albuminous  ingredi- 
ents. A comparison  of  our  own  observations  with  the  estimates  and 
diet  tables  of  Moleschott,  Payen,  and  Playfair,  all  of  which  correspond  in 
the  main  with  each  other,  gives  the  following  as  the  average  daily 
quantity  of  these  two  classes  of  proximate  principles  in  the  food. 


Albuminous  matter 
Non-nitrogenous  matter,  as  starch  . 


130  grammes. 
600 


Thus  albuminous  matter  constitutes  rather  less  than  one-fifth  of  the 
entire  food,  for  a healthy  adult  in  active  occupation ; and  its  quantity 
is  to  that  of  the  non-nitrogenous  matters  as  1 to  4.62. 

This  proportion  varies  to  some  extent  with  the  age  and  condition  of 
the  individual.  In  human  milk,  which  at  first  forms  the  exclusive  food 
of  the  young  infant,  according  to  the  average  analyses  of  Simon,  Vernois, 
and  Becquerel,  as  given  by  Milne  Edwards,  the  albuminous  ingiedients 
are  to  the  non-nitrogenous  matters  reckoned  as  carbohydrates  in  the 
proportion  of  1 to  2.95.  In  cow’s  milk,  upon  which  the  young  calf  is 
sustained,  the  proportion  is  as  1 to  3.27  ; while  in  green  grass  and  hay, 
upon  which  the  adult  animal  feeds,  it  is  as  1 to  11.70  and  1 to  9-S  re- 
spectively. The  larger  proportion  of  albuminous  matter  in  the  food  at 
this  early  age  is  evidently  connected  with  the  growth  which  is  then 
takirm  place.  As  the  nitrogenous  principles  constitute  much  the  largei 
part  of  the  solid  organic  matters  contained  in  the  body,  the  steadjj  in- 
crease in  weight  during  the  growing  period  demands  a corresponding 

supply  of  these  substances  in  the  food. 

There  is  also  evidence  that  the  requisite  proportion  of  nitrogenous 
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principles  varies  in  the  adult  with  the  amount  of  physical  activity.  A 
condition  of  bare  subsistence  may  be  maintained  upon  a diet  in  which 
the  albuminous  substances  are  in  smaller,  and  the  non-nitrogenous 
matters  in  larger  proportion;  but  when  the  system  is  habitually  called 
upon  for  a greater  amount  of  muscular  exertion,  the  proportion  of 
albuminous  matters  in  the  food  must  be  increased.  This  is  a well-known 
fact  in  regard  to  horses  and  working  cattle  generally.  In  a state  of 
comparative  inactivity  they  may  be  supported  mainly  upon  grass  or 
hay  in  which  the  proportion  of  nitrogenous  to  non-nitrogenous  matter 
is  not  more  than  1 to  9.28 ; but  when  employed  in  active  labor  they 
require  a liberal  supply  of  oats,  in  which  the  proportion  is  as  l to  7.18. 
In  Dr.  Playfair’s  diet  tables,  which  were  collected  with  great  care  from 
a variety  of  sources,  including  those  of  prisons  and  infirmaries,  those  of 
the  American  and  European  armies  during  peace  and  in  active  service, 
and  of  certain  hard-working  laborers,  the  increase  of  albuminous  matter 
with  increased  labor  is  a marked  feature.  While  in  a bare  subsistence 
diet  the  proportion  of  albuminous  to  non-nitrogenous  matter  is  as  1 to 
5.87,  in  that  of  active  laborers  it  is  as  1 to  4.34.  The  following  table 
will  show  the  relative  increase  of  the  two  kinds  of  food  under  different 
conditions  of  exercise,  as  calculated  from  Dr.  Playfair’s  data. 

Relative  Increase,  under  Different  Conditions,  of  Albuminous  and  Non- 
Nitrogenous  Matters  in  the  Food. 


Albuminous 

Non-nitrogenous 

matter. 

matter. 

Bare  subsistence  diet 

. 100 

100 

Full  diet  with  moderate  exercise 

. 180 

161 

Diet  of  active  laborer 

. 232 

171 

Diet  of  hard-worked  laborer 

. 242 

189 

As  these  diet  tables  were  adopted  by  the  various  civil  and  military 
authorities  as  the  result  of  long  experience  in  the  practical  adaptation 
of  food  to  the  amount  of  work  performed,  they  may  be  regarded  as 
expressing  with  great  approximation  to  certainty  the  physiological  re- 
quirements under  different  conditions.  They  are  corroborated  by  the 
variation  in  diet  adopted  in  the  convict  establishments  of  Great  Britain, 
as  given  by  Pavy.1  In  the  change  from  “ Light-labor  Diet”  to  “Hard- 
labor  Diet,”  while  the  non-nitrogenous  food  is  increased  only  13.37  per 
cent.,  the  albuminous  food  is  increased  16.15  per  cent. 

It  is  evident,  therefore,  that  increased  physical  exertion  requires  a 
greater  proportional  increase  in  the  albuminous  than  in  the  non-nitro- 
genous ingredients  of  the  food. 

It  is  also  a matter  of  interest  to  determine  the  quantity,  source,  and 
destination  of  the  different  chemical  elements  entering  into  the  composi- 
tion of  the  food.  Taking  the  average  chemical  composition  of  albumin- 
ous matters  and  fat,  and  that  of  the  carbohydrates,  wo  find  that  a man 
under  ordinary  full  diet  takes  into  his  system  daily  the  constituents  of 
the  food,  in  round  numbers,  as  follows : 

1 On  Food  and  Dietetics.  Philadelphia  edition,  1874,  p.  433. 
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Starch 
Fat  . 


Daily  Consumption  in  the  Food. 


300 

100 


o 

H 

o 

N 

s 

70 

10 

29 

20 

1 

134 

18 

144 

76 

12 

12 

280 

40 

185 

Of  these  elementary  bodies,  carbon  and  nitrogen  are  considered 
especially  important  as  constituents  of  the  food,  carbon  as  forming 
the  most  abundant  and  characteristic  ingredient  of  all  organic  combi- 
nations, and  nitrogen,  as  the  distinguishing  element  of  albuminous 
substances.  Of  these  two,  accordingly,  the  system  requires  daily,  to 
be  supported  in  an  active  condition,  about  20  grammes  of  nitrogen  and 
about  280  grammes  of  carbon.  This  fact  alone  makes  it  evident  that  a 
mixed  diet  of  animal  and  vegetable  food  is  the  most  available  for  man. 
Meat  contains,  according  to  the  analyses  of  Payen,  3 per  cent,  of  nitrogen 
and  11  per  cent,  of  carbon.  Consequently,  if  the  diet  were  composed 
exclusively  of  this  food,  the  necessary  quantity  of  nitrogen  would  be 
supplied  by  666  grammes  of  meat ; but  in  order  to  obtain  the  required 
carbon,  2545  grammes  would  need  to  be  consumed,  thus  involving  a 
great  waste  of  its  nitrogenous  matter.  On  the  other  hand,  bread,  the 
most  nutritious  of  all  vegetable  substances,  contains  only  1 per  cent,  of 
nitrogen  and  30  per  cent,  of  carbon.  Therefore,  if  this  were  the  only 
food  used,  933  grammes  would  be  sufficient  to  supply  all  the  carbon; 
but  in  order  to  obtain  the  due  amount  of  nitrogen,  it  would  be  neces- 
sary to  consume  2000  grammes.  A mixture,  accordingly,  of  the  two 
kinds  of  food,  in  which  nitrogenous  and  hydrocarbonaceous  matters 
respectively  preponderate,  is  best  adapted  to  supply  the  wants  of  the 
system  without  unnecessary  expenditure  of  material. 

The  changes  undergone  in  the  body,  and  the  final  destination  of  t e 
ingredients  of  the  food,  vary  for  different  kinds.  The  carbohydrates  no 
doubt,  after  serving  the  purposes  for  which  they  are  intended  in  t 
animal  economy,  are  finally  expelled  under  the  form  of  carbonic  acid 
and  water.  The  action  of  the  oxygen,  introduced  with  the  inspired  air, 
produces  this  result  by  uniting  with  the  carbon  of  the  org- c body 
while  its  own  hydrogen  and  oxygen,  already  Pjesentm  the ^relative 
quantities  to  produce  water,  are  liberated  under  that  foim.  This 
is  expressed  by  the  following  formula : 

Starch.  Carbonic  acid.  Water. 

CgH10O6  + 0H  = C,A2  + H10O, 

Thus  the  change  undergone  by. sta-h  axffi  ahi^ 
animal  body,  where  they  arc  consumed,  is  piec  y are 

taking  place  in  plants  during  the  act  of  vegetation,  y 

1 For  the  fats  the  change  is  a similar  one,  tlicir  only  J"al procesThow° 
far  as  we  know,  being  carbonic  acid  and  water.  In  this  Proc«ss’  “° 
Iver  tL  fats  ^0^  as  already  mentioned,  a greater  supply  of  extra- 
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neous  oxygen,  since,  beside  their  larger  proportion  of  carbon,  they  also 
contain  hydrogen  which  requires  further  oxidation,  in  order  to  lonn 
water.  The  change  thus  undergone  by  fatty  substances  may  be  ex- 
pressed as  follows : 

Fat.  Carbonic  acid.  Water. 

C'oiTI'jsOg  + 0143  = C5lO10,  + H98Ott. 

In  the  case  of  the  albuminous  matters  the  process  is  a different  one. 
These  substances  contain  an  element,  namely,  nitrogen,  which  does  not 
appear  in  the  carbonic  acid  and  watery  vapor  of  the  expired  breath, 
but  forms  a distinguishing  constituent  of  the  crystallizable  matters  of 
the  urine.  Of  these  matters,  urea  is  by  far  the  most  abundant,  and,  as 
already  mentioned,  fully  five-sixths  of  the  nitrogen  taken  in  with  the 
food  reappears  as  an  ingredient  of  urea,  while  the  remainder  is  included 
in  the  creatinine  and  uric  and  hippuric  acids  of  the  urine,  and  in  the 
excrementitious  substance  of  the  feces. 

There  is  evidence,  however,  that  the  nitrogenous  matters  also  take 
part  in  the  formation  of  carbonic  acid ; that  is,  although  all  their  nitro- 
gen is  discharged  under  the  form  of  urea  and  other  similar  combina- 
tions in  the  urine  and  feces,  all  their  carbon  does  not  appear  in  these 
excretions,  and  must  pass  out  by  some  other  channel.  While,  as  we 
have  seen,  130  grammes  of  albuminous  matter  are  taken  daily  with  the 
food,  containing  10  grammes  of  carbon,  only  35  grammes  of  urea  are 
discharged  during  the  same  time,  containing  1 grammes  of  carbon ; and, 
according  to  the  most  accurate  analyses,1  not  more  than  23  grammes 
are  discharged  daily  by  both  the  urine  and  feces  together.  This  leaves 
unaccounted  for  about  41  grammes  of  carbon,  or  two-thirds  of  the 
original  quantity,  which  must  pass  out  from  the  body  under  some  other 
form  of  combination.  The  same  thing  is  true,  to  a considerable  extent, 
of  the  hydrogen  of  these  substances,  of  which  10  grammes  are  intro- 
duced daily  as  an  ingredient  of  the  albuminous  matters  of  the  food, 
while  not  more  than  5 or  6 grammes  are  discharged  in  organic  combi- 
nations with  the  urine  and  feces.  The  albuminous  matters,  therefore, 
not  only  give  rise  to  the  elimination  of  urea,  but  also  contribute  to  the 
production  of  carbonic  acid  and  water. 

The  manner  in  which  this  takes  place  is  probably  by  the  separation 
of  some  of  the  elements  of  albumen  combined  as  urea,  after  which  the 
remainder  are  left  behind  as  a non-nitrogenous  substance.  If  we  adopt, 
for  the  constitution  of  an  albuminous  body,  exclusive  of  its  sulphur, 
the  formula  C7JHI12N18023,  and  take  away  from  it  all  the  nitrogen  in  the 
form  of  urea,  a substance  will  remain  analogous  in  composition  to  a 
fat,  thus — 

Albumen C72  HU2  Nlg  023 

9 Urea  (CH4N20)  . . . . C9  H3(!  N18  09 

^63  HfG  Ou 

1 Ranke,  Grundziige  der  Physiologie  des  Menschen.  Leipzig,  1812,  p.  298. 
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The  remaining  substance  may  then  undergo  complete  oxidation 
without  the  further  production  of  any  nitrogenous  compound.  This 
double  result  of  the  decomposition  of  the  albuminous  substances,  to- 
gether with  the  fact  that  we  take  habitually  between  four  and  five 
times  as  much  non-nitrogenous  as  nitrogenous  matter  in  the  food,  will 
explain  the  great  preponderance  in  quantity  of  carbonic  acid  as  an 
excretion  over  urea.  For  while  the  average  daily  quantity  of  urea 
discharged  is  only  35  grammes,  the  carbonic  acid  exhaled  with  the 
breath  amounts  to  from  100  to  800  grammes  per  day ; the  entire  quan- 
tity of  the  carbonic  acid  produced  being,  by  weight,  fully  twenty  times 
as  great  as  that  of  the  urea.  Urea  is  a nitrogenous  substance  sepa- 
rated by  decomposition  from  the  albuminous  ingredients  of  the  system  ; 
while  carbonic  acid  represents  the  combination  of  its  remaining  elements 
with  the  abundant  oxygen  introduced  by  the  breath. 

The  quantities  of  the  various  substances  taken  in  with  the  food  and 
discharged  with  the  excretions  are  liable  to  many  variations  from  the 
changing  condition  of  the  individual.  If  the  body  be  increasing  in 
weight,  the  substances  introduced  will  be  greater  in  quantity  than  those 
discharged ; if  it  be  diminishing,  the  material  discharged  will  be  more 
than  that  introduced.  Even  in  the  healthy  adult,  where  the  body  does 
not  sensibly  gain  or  lose  weight  for  long  intervals,  observation  has 
shown  that  there  are  frequent  fluctuations  of  small  extent,  and  that  the 
income  for  any  single  day  rarely  counterbalances  exactly  the  outgo  for 
the  same  period.  Consequently  the  quantities  given  in  the  preceding 
tables  cannot  be  taken  as  furnishing,  in  any  case,  a uniform  and 
invariable  standard,  but  only  as  showing  what,  upon  the  whole,  are  the 
relative  proportions  of  the  different  ingredients  entering  into  the  com- 
position of  the  food  and  of  the  bodily  frame.  And  although  for  many 
of  them  we  are  not  yet  able  to  ascertain  their  quantities  with  sufficient 
accuracy  for  determining  all  the  changes  which  they  undergo  in  the 

system,  yet  there  is  no  doubt  of  the  main  result  produced  by  the  internal 
J - . - . Wo  lmvTQ  Dorf.nin  nnt.ri- 


transformation  of  the  ingredients  of  the  food.  We  have  certain  nutri- 
tious substances  introduced  on  the  one  hand,  and  certain  excreinentitious 
products  discharged  on  the  other,  which  may  be  expressed  as  follows: 

Introduced  with  the  Food.  Discharged  with  the  Excretions. 


Albuminous  matter. 
Fat. 


Carbohydrates. 


Urea. 

Carbonic  acid. 
Water. 
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CHAPTER  Y III. 

DIGESTION. 

Digestion  is  tlic  procoss  by  which  the  food  is  reduced  to  a form  in 
which  it  can  be  absorbed  from  the  intestinal  canal,  and  taken  up  by  the 
bloodvessels.  This  process  does  not  occur  in  vegetables,  which  are 
dependent  for  their  nutrition  upon  materials  which  are  supplied  to  them 
in  a form  already  fitted  for  absorption. 

Carbonic  acid,  ammonium  carbonate,  and  ammonium  nitrate  exist  in 
a gaseous  form  in  the  atmosphere,  or  are  brought  down  in  solution  by 
the  rain,  and  penetrate  the  soil  to  the  roots  of  the  growing  plants  ; while 
many  of  the  mineral  salts,  as  sulphates,  nitrates,  and  carbonates,  aie 
also  present  in  the  soil  in  a soluble  condition,  Thus  they  requite  no 
alteration  before  being  taken  up  by  the  tissues  of  the  plant.  The  only 
known  exception  to  this  is  in  the  case  of  materials  composed  of  the 
earthy  carbonates  and  phosphates,  which  are  insoluble  or  nearly  so  in 
water,  but  which  are  known  to  be  corroded  and  rendered  soluble  by  the 
acid  juices  of  the  plant-roots  in  contact  with  them.  As  a general  rule, 
the  substances  requisite  for  vegetation  are  directly  absorbed  from  the 
exterior  in  their  original  condition.  But  with  animals  and  man  the 
case  is  different.  They  cannot  subsist  upon  inorganic  substances  only, 
but  require  for  their  support  materials  which  have  already  been  organ- 
ized, and  which  have  previously  constituted  a part  of  animal  or  vegetable 
bodies.  Their  food  is  almost  invariably  solid  or  semi-solid  when  taken, 
and  insoluble  in  water.  Meat,  bread,  fruits,  vegetables,  and  the  like,  are 
all  taken  into  the  stomach  in  a solid  and  insoluble  condition  ; and  even 
substances  naturally  fluid,  such  as  milk,  albumen,  white  of  egg,  are  nearly 
always,  in  the  human  species,  more  or  less  solidified  by  the  process  of 
cooking,  before  being  taken  into  the  stomach. 

In  animals,  accordingly,  the  food  requires  to  undergo  a process  of 
digestion  or  liquefaction,  before  it  can  be  absorbed.  In  all  cases,  the 
general  characters  of  this  process  are  the  same.  It  consists  essentially 
in  the  food  being  received  into  a canal,  running  through  the  body  from 
mouth  to  anus,  called  the  “ alimentary  canal,”  in  which  it  comes  in  con- 
tact with  certain  digestive  fluids,  which  act  upon  it  in  such  a way  as  to 
liquefy  and  dissolve  it.  These  fluids  are  secreted  by  the  mucous  mem- 
brane of  the  alimentary  canal,  and  by  certain  glandular  organs  situated 
in  its  neighborhood.  The  food  consists,  as  we  have  seen,  of  a mixture 
of  various  substances,  having  different  physical  and  chemical  properties ; 
and  the  several  digestive  fluids  are  also  different  from  each  other,  each 
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one  of  them  exerting  a peculiar  action,  which  is  more  or  less  confined 
to  particular  species  of  food.  As  the  food  passes  through  the  alimentary 
canal  from  above  downward,  those  parts  ol  it  which  become  1 i (pie lied 
are  successively  removed  by  absorption,  and  taken  up  by  the  vessels ; 
while  the  remaining  portions,  consisting  of  the  indigestible  matter,  to- 
gether with  the  refuse  of  the  intestinal  secretions,  gradually  acquire  a 

firmer  consistency  owing  to  the  absorption  of 
Fig-  26.  the  fluids,  and  are  finally  discharged  from  the 

intestine  under  the  form  of  feces. 

In  different  species  of  animals,  the  differ- 
ence in  their  habits,  in  the  constitution  of  their 
tissues,  and  in  the  character  of  their  food,  is 
accompanied  with  a corresponding  variation 
in  the  anatomy  of  the  digestive  apparatus,  and 
the  character  of  the  secreted  fluids.  As  a 
general  rule,  the  digestive  apparatus  of  herb- 
ivorous animals  is  more  complex  than  that  ol 
the  carnivora ; since,  in  vegetable  substances, 
the  nutritious  matters  are  often  present  in  a 
comparatively  solid  and  unmanageable  form,  as, 
for  example,  in  raw  starch  and  the  cereal  giains, 
and  are  nearly  always  entangled  among  vege- 
table cells  and  fibres  of  an  indigestible  character. 
In  those  instances  "where  the  nutriment  consists 
mostly  of  grass,  leaves,  twigs,  and  roots,  the 
digestible  matters  bear  only  a small  proportion 
to  the  entire  quantity ; and  a large  mass  of  food 
must  therefore  be  taken,  in  order  that  the  le- 
quisite  amount  of  nutritious  mateiial  may  be 
extracted  from  it.  In  such  cases,  accordingly, 
the  alimentary  canal  is  large  and  long ; and  is 
divided  into  many  compartments,  in  which  dif- 
ferent processes  of  disintegration,  transfoima- 
tion,  and  solution  are  carried  on. 

In  the  common  fowl,  for  instance  (Fig.  26), 
the  food,  consisting  mostly  of  grains,  or  of  in- 
sects with  hard,  coriaceous  integument,  first 
passes  down  the  oesophagus  (a)  into  a diverti- 
culum or  pouch  (6)  termed  the  crop.  Here  it 
remains  for  a time  mingled  with  a watery  secre- 
tion in  which  the  grains  are  macerated  and 
softened.  The  food  is  then  carried  farther  down 
until  it  reaches  a second  dilatation  (c),  the  pro- 

ventrieulus,  or  secreting  stomach.  The 

am,  glandular,  and  Is  provided  rnth  numerous  t " ^ Reeled  to 
them  an  acid  fluid  is  pouuc  , y • zar(l  0r  triturating 

further  changes.  It  next  passes  n t g 


Alimentary  Canal 
of  Fowl.  — a.  (Esophagus. 
b.  Crop.  c.  Proventriculus, 
or  secreting  stomach,  d.  Giz- 
zard, or  triturating  stomach. 
e.  Intestine,  f ■ Two  long 
csecal  tubes  which  open  into 
the  intestine  a short  distance 
above  its  termination. 
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stomach,  a cavity  inclosed  by  thick  muscular  walls,  and  lined  with  a 
touo-h  and  horny  epithelium.  Here  it  is  subjected  to  the  ciushing  and 
grinding  action  of  the  muscular  parietes,  assisted  by  grains  ot  sand  and 
o- ravel  which  the  fowl  instinctively  swallows  with  the  food,  by  which  it 
fs  so  triturated  and  disintegrated,  that  it  is  reduced  to  a uniform  pulp, 
upon  which  the  digestive  fluids  can  effectually  operate.  The  mass  then 
passes  into  the  intestine  (e),  where  it  meets  with  the  intestinal  juices, 
which  complete  the  process  of  solution ; and  from  the  intestinal  cavity 
it  is  finally  absorbed  in  a liquid  form,  by  the  vessels  of  the  mucous 

membrane.  _ . 

In  the  ox,  the  sheep,  the  camel,  the  deer,  and  all  ruminating  animals, 

there  are  four  distinct  stomachs,  each  lined  with  mucous  membiane  of 
a different  structure,  and  adapted 
to  perform  a different  part  in  the 
digestive  process.  (Fig.  27.)  The 
first  two,  situated  side  by  side  at 
the  lower  extremity  of  the  oesoph- 
agus (a),  consist  of  the  rumen  or 
paunch  (6),  a large  sac,  itself  par- 
tially divided  by  incomplete  par- 
titions, and  lined  by  a mucous 
membrane  thickly  set  with  long 
prominences  or  villi ; and  the 
reticulum  (c)  or  second  stomach, 
so  called  from  the  intersecting 
folds  or  ridges  of  its  mucous 
membrane,  which  give  it  a reticu- 
lated or  honey-combed  appear- 
ance. Into  these  two  stomachs 
the  food  is  received  when  first 
swallowed  by  the  animal  in  feed- 
ing or  browsing,  and  remains 

there  for  some  time,  especialty  in  the  capacious  rumen,  slowly  macerated 
and  softened  by  the  action  of  the  warmth  and  watery  fluids,  but  not 
undergoing  any  marked  chemical  action.  When  the  animal  has  finished 
browsing,  and  the  process  of  rumination  commences,  the  food  is  regur- 
gitated into  the  mouth  by  an  inverted  action  of  the  muscular  walls  of 
the  paunch  and  oesophagus,  and  slowly  masticated.  It  then  descends 
again  along  the  oesophagus  ; but  the  lateral  opening  which  communicates 
with  the  first  two  stomachs  is  now  closed  by  muscular  action,  and  the 
oesophagus,  thus  converted  into  a tubular  canal,  conducts  the  masticated 
food  into  a third  stomach,  the  omasus  or  “psalterium”  (d),  in  which  the 
mucous  membrane  is  arranged  in  thin  longitudinal  folds,  lying  parallel 
with  each  other,  like  the  leaves  of  a book,  thus  increasing  considerably 
its  extent  of  surface.  The  exit  from  this  cavity  leads  directly  into  the 
abomasus  or  “ rennet”  (e),  the  true  digestive  stomach,  in  which  the 
mucous  membrane  is  soft,  thick,  and  glandular,  and  in  which  an  acid 


Compound  Stomach  op  Ox.— a.  (Esopha- 
gus. b.  Rumen,  or  first  stomach,  c.  Reticulum, 
or  second,  d.  Omasus,  or  third,  e.  Abomasus, 
or  fourth.  /.  Duodenum.  (Rymer  Jones.) 
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solvent  fluid  is  secreted.  Then  follows  the  intestinal  canal  with  its 
various  divisions  and  variations. 

In  the  carnivora  the  alimentary  canal  is  shorter  and  narrower  than  in 
the  preceding,  and  presents  fewer  complexities.  The  food  upon  which 

these  animals  subsist  is  softer 


Fig.  28. 


Human  Alimentarv  0 an  a l.  — a.  CEsopTi- 
acus  b.  Stomach,  c.  Cardiac  orifice,  d.  Pylorus, 
c Small  intestine.  /.  Biliary  duct.  g.  Pancreatic 
duct.  h.  Ascending  oolon.  i.  Transverse  colon. 
j.  Descending  colon,  k.  Rectum. 


than  that  of  the  herbivora,  and 
less  encumbered  with  indigest- 
ible matter;  so  that  the  process 
of  its  solution  requires  a less 
extensive  apparatus. 

In  the  human  species,  the 
food  is  naturally  of  a mixed 
character,  containing  both  ani- 
mal and  vegetable  substances. 
But,  notwithstanding  this  dif- 
ference in  the  kind  of  nourish- 
ment, the  digestive  apparatus 
in  man  resembles  closely  that 
of  the  carnivora.  For  the 
vegetable  matters  which  we 
take  as  food  are,  in  the  first 
place,  artificially  separated,  to 
a great  extent,  from  indigesti- 
ble impurities;  and  secondly, 
they  are  so  softened  by  the 
process  of  cooking  as  to  be- 
come nearly  or  quite  as  di- 
gestible as  animal  substances. 

In  the  human  species  the 
process  of  digestion,  though 
simpler  than  in  the  herbivora, 
is  still  somewhat  complex. 
The  alimentary  canal  is  di- 
vided into  different  compart- 
ments or  cavities,  which  com- 
municate with  each  other  by 
narrow  orifices.  At  its  com- 
mencement (Fig.  28)  we  find 
the  cavity  of  the  mouth , which 
is  guarded  at  its  posterioi  ex- 
tremity by  the  muscular  valve 
of  the' isthmus  of  the  fauces. 
Through  the  pharynx  and 
oesophagus  (a),  it  communi- 
k with  the  second  compart- 


ment, or  tbe  stomach  (6),  a flask-shaped  dilatation,  guarded  at  its  £ 
and  pyloric  orifices  by  circular  bands  of  muscular  fib.es.  1 lien  follows 
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the  small  intestine  (e),  different  parts  of  which,  owing  to  the  vary- 
ino-  structure  of  their  mucous  membrane,  have  received  the  different 
names  of  duodenum,  jejunum,  and  ileum.  In  the  duodenum  are  situated 
the  orifices  of  the  biliary  and  pancreatic  ducts  (/,  g).  Finally  comes 
the  large  intestine  (h,  i,j,  k),  separated  from  the  smaller  by  the  ilco-caecal 
valve,  and  terminating,  at  its  lower  extremity,  by  the  anus,  at  which  is 
situated  a double  sphincter,  for  the  purpose  of  guarding  its  orifice. 
Everywhere  the  alimentary  canal  is  composed  of  a mucous  membrane 
and  a muscular  coat,  with  a layer  of  submucous  connective  tissue  between 
the  two.  The  muscular  coat  is  composed  of  a double  layer  of  longitudinal 
and  transverse  fibres,  by  the  alternate  contraction  and  relaxation  of  which 
the  food  is  carried  through  the  canal  from  above-  downward,  and  the 
arrangement  of  which  varies  in  different  portions  of  the  alimentary  tract. 
The  mucous  membrane  presents,  also,  a different  structure,  and  has  dif- 
ferent properties  in  different  parts.  That  of  the  mouth  and  oesophagus 
is  smooth,  with  a hard,  white,  tessellated  epithelium,  which,  however, 
terminates  abruptly  at  the  cardiac  orifice  of  the  stomach.  The  mucous 
membrane  of  the  gastric  cavity  is  soft  and  glandular,  covered  with  a 
transparent,  columnar  epithelium,  and  thrown  into  minute  folds  or  pro- 
jections on  its  free  surface,  which  are  sometimes  reticulated  with  each 
other.  In  the  small  intestine  it  presents  larger  transverse  folds  known 
as  the  “ valvulse  conniventes,”  is  covered  upon  its  free  surface  with 
thickly  set  villosities  of  various  forms,  and  contains  throughout  an 
abundance  of  tubular  follicles.  Finally,  in  the  large  intestine  the  mu- 
cous membrane  is  smooth  and  shining,  free  from  villosities,  and  pro- 
vided with  a glandular  apparatus  different  in  structure,  and  function 
from  that  of  the  preceding  parts. 

The  digestive  secretions,  also,  vary  in  these  different  regions.  In  its 
passage  from  above  downward,  the  food  meets  with  at  least  five  dif- 
ferent secreted  fluids,  namely,  the  saliva , in  the  cavity  of  the  mouth: 
the  gastric  juice  in  the  stomach;  and  the  intestinal  juice,  with  the  pan- 
creatic juice  and  the  bile , discharged  into  the  cavity  of  the  small  intes- 
tine. These  fluids  are  themselves,  in  some  instances,  of  complex  nature, 
resulting  from  the  mingled  secretions  of  several  different  associated 
glands,  or  of  the  various  parts  of  a single  mucous  membrane.  To  a 
certain  extent,  the  special  action  of  each  digestive  fluid  upon  the  food 
has  been  investigated ; and  it  is  found  that  certain  of  the  secretions 
have  a distinct  and  peculiar  influence  upon  special  ingredients  of  the 
food.  As  the  result  of  the  successive  action  of  the  digestive  fluids, 
modified,  perhaps,  by  the  effect  of  their  combined  operation,  the  sub- 
stances composing  the  alimentary  mass  are  gradually  reduced  to  a fluid 
condition,  in  which  they  are  fit  for  absorption  by  the  vessels  of  the 
intestinal  mucous  membrane. 

The  action  which  is  exerted  upon  the  food  by  the  digestive  fluids  is 
not  that  of  a simple  chemical  solution.  It  is  a transformation,  by 
which  the  ingredients  of  the  food  are  altered  in  character  at  the  same 


136 


DIGESTION. 


time  that  they  undergo  the  process  of  liquefaction.  rl  lie  active  agent 
in  producing  this  change  is  in  every  instance  an  albuminoid  or  nitro- 
genous matter,  which  forms  the  most  important  ingredient  in  the 
digestive  fluid  j and  which,  by  coming  in  contact  with  the  food,  exeits 
upon  it  a peculiar  action,  transforming  its  ingredients  into  new  sub- 
stances. It  is  these  newly-formed  materials  which  are  finally  absorbed 
by  the  vessels  and  mingled  with  the  general  current  of  the  circulation. 
In  the  human  species  the  first  process  to  which  the  food  is  subjected  is 
that  of  mastication,  while  it  is  at  the  same  time  mingled  with  the  saliva 
in  the  cavity  of  the  mouth. 


Fig.  29. 


Mastication. 

Mastication  consists  in  the  cutting  and  trituration  of  the  food  by  the 
teeth,  by  which  it  is  reduced  to  a state  of  minute  subdivision.  The 
process  is  entirely  a mechanical  one,  and  is  necessary  in  order  to  pre- 
pare the  food  for  the  subsequent  action  of  the  digestive  fluids.  As 
this  action  is  chemical  in  its  nature,  it  will  be  exerted  more  promptly 
and  efficiently  if  the  food  be  finely  divided  than  if  brought  in  con- 
tact with  the  digestive  fluids  in  a solid  mass.  This  is  necessarily 
the  case  when  a solid  body  is  subjected  to  the  action  of  a solvent 
fluid ; since,  by  being  broken  up  into  minute  particles,  it  offers  a larger 
surface  to  the  contact  of  the  fluid,  and  is  more  readily  attacked  and 
dissolved  by  it. 

In  the  structure  of  the  teeth,  and  their  physiological  action,  theie  aie 
certain  marked  differences,  corresponding  with  the  habits  of  the  animal 

and  the  kind  of  food  upon  which  it  subsists. 
In  fish  and  serpents,  in  which  the  food  is  swal- 
lowed entire,  and  in  which  the  process  of 
digestion,  accordingly,  is  comparatively  slow, 
the  teeth  are  simply  organs  of  prehension. 
They  have  generally  the  form  of  sharp,  curved 
spines,  with  their  points  set  backward,  and 
arranged  in  a double  or  triple  row  about 
the  edges  of  the  jaws,  and  sometimes  cover- 
ing the  mucous  surfaces  of  the  mouth,  tongue,  and  palate.  They  serve 
merely  to  retain  the  prey,  and  prevent  its  escape  after  it  has  been 
seized  by  the  animal.  In  the  carnivorous  quadrupeds,  there  are  three 
different  kinds  of  teeth,  adapted  to  different  purposes.  . (Fig.  •) 
First,  the  incisors,  twelve  in  number,  situated  at  the  anterior  part  of 
the  jaw,  six  in  the  superior,  and  six  m the  inferior  maxdla  o _ 
tened  form,  and  placed  with  their  thin  edges  running  fr°»yKleto 
The  incisors,  as  their  name  indicates,  are  adaptec  01  rn  ™g 
by  a cutting  motion,  like  that  of  a pair  of  shears.  Behind  them  co 
the  canine  teeth,  or  tusks,  one  on  each  side  of  the  upper  and under  jaw. 

These  are  long,  curved,  conical,  and  pointed ; an  are  use  • <• 

of  offence,  amffor  laying  hold  of  and  retaining  the  prey.  Lastly,  the 


Skull  of  Rattlesnake. 
(Achille  Richard.) 
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molars,  eight  or  more  in  number  on 
each  side,  are  larger  and  broader  than 
the  incisors,  and  provided  with  serrated 
edges,  each  presenting  several  sharp 
points,  arranged  generally  in  a direc- 
tion parallel  with  the  line  of  the  jaw. 

In  these  animals,  mastication  is  very 
imperfect,  since  the  food  is  not  ground 
up,  but  only  pierced  and  mangled  by 
the  action  of  the  teeth  before  being 
swallowed  into  the  stomach.  In  the 
herbivora,  on  the  other  hand,  whose 
food  is  more  easily  obtained,  but  is 
generally  more  hard  and  resisting  in 
texture,  the  teeth  are  adapted  especially  for  mastication.  In  the  rumi- 
nating animals  generally,  the  canine  teeth  are  wanting,  and  the  incisors 
are  present  only  in  the  lower  jaw.  In  the  horse  and  allied  species, 
the  incisors  are  present  in  both  upper  and  lower  jaws  (Fig.  31),  and 
are  used  simply  for  cutting  off  the  herbage  upon  which  the  animal  feeds. 


Fig.  31. 


Skull  of  the  Horse. 


Fig.  30. 


Shell  or  Polar  Bear.  Anterior 
view  ; showing  incisors  and  canines. 


Fig.  32. 


The  canine  teeth  are  absent  in  the  female,  and  only  slightly  developed 
in  the  male,  and  the  real  process  of  mastication  is  performed  altogether 
by  the  molars.  These  are  large  and  thick  (Fig.  32),  and  present  a broad, 
flat  surface,  diversified  by  variously  folded  and  projecting  ridges  of 
enamel,  with  shallow  grooves  between  them.  By 
the  lateral  rubbing  motion  of  the  roughened  sur- 
faces against  each  other,  the  food  is  effectually  com- 
minuted and  reduced  to  a pulpy  mass. 

In  the  gnawing  animals,  rats,  mice,  squirrels,  rab- 
bits, and  hares,  the  incisor  teeth  are  developed  to  a 
lemarkable  extent,  presenting  two  chisel-like  edges 
opposed  to  each  other  in  the  upper  and  lower  jaws, 
and  growing  from  permanently  vascular  roots;  so 
that  their  waste  from  mechanical  attrition  is  con- 
10 


Molar  Tooth  op 
the  Horse.  Grind- 
ing  surface. 
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Fig.  33. 


stantly  repaired,  and  the  animal  is  able  to  penetrate  the  hardest  sub- 

StllUCGS* 

In  the  human  subject,  the  teeth  combine  the  characters  oi  those  of  the 
carnivora  and  the  herbivora.  (Fig.  33.)  The  incisors  (a),  four  in  num- 
ber in  each  jaw,  have,  as  in  other  instances,  a cutting  edge  running  from 
side  to  side.  The  canines  (6),  which  are  situated  immediately  behind 
the  former,  are  much  less  prominent  and  pointed  than  in  the  carnivora, 
and  differ  less  in  form  from  the  incisors  on  the  one  hand,  and  the 

first  molars  on  the  other. 
The  molars  (c,  d)  are 
thick  and  strong,  and  have 
comparatively  flat  surfaces, 
like  those  of  the  herbivora ; 
but  instead  of  presenting 
curvilinear  ridges,  are 
covered  with  more  or  less 
conical  eminences,  like 
those  of  the  carnivora.  In 
the  human  subject,  there- 
fore, the  teeth  are  evidently 
adapted  for  a mixed  diet, 
consisting  of  both  animal 
and  vegetable  food.  Mas- 
tication is  here  as  perfect 
as  in  the  herbivora,  though 
less  prolonged  and  labo- 
rious • for  the  vegetable  substances  used  by  man,  as  already  remarked, 
rp’rel,sly  separated  to  a great  extent  from  ^err  nnpunt.es,  and 
softened  by  cooking;  so  that  they  do  not  leqt , pj  „ 

cation,  so  extensive  and  powerful  a tnturatmg  ap : a.atmu  Jm  ly, 

gly  competed  with 

“‘we'oaneasUy  estimate  from the 

rrS;=edf  in^undivfded  masses,  it  nmstr-mn  along 
time  undissolved  in  the  stomach,  where  it  will  becom  tQ  a 

tation  and  disturbance ; but  if  reduced  e ; ore s rm  , ^ tive  fluids, 

state  of  minute  subdivision,  it  is  readily  attacked  by  the  dr&est 
and  becomes  speedily  and  completely  liquefied. 

The  Saliva  and  its  Action  upon  the  Food. 

a ari  fluid  derived  from  the  secretion  of  four 

The  saliva  is  a compound  , submaxillary,  and  sub- 

different  glandular  organs— name  y,  1 • ’ cavity  of  the  mouth. 

lingual  glands,  and  the  '^1  mints  of  their 

All  these  glands  resemble  each  otner 


Human Thth- Upper  J aw.  — a.  incisors.  6.  Ca- 
nines. c.  Anterior  molars,  d.  Posterior  molars. 


THE  SALIVA. 

structure,  their  substance  being  composed  of  dis- 
tinct irregularly  spherical  or  ovoidal  masses, 
more  or  less  flattened  into  a polygonal  form  by 
mutual  compression.  The  separate  divisions  or 
lobules  are  connected  with  corresponding  ter- 
minal branches  of  the  salivary  duct,  which  pene- 
trate into  their  interior,  and  there  divide  into 
smaller  tubes  each  one  of  which  finally  termi- 
nates in  a rounded  sac  called  the  glandular 
follicle  or  alveolus.  The  appearance  presented 
upon  an  injection  of  such  a lobule  is  as  if  the 
follicles  were  arranged  in  clusters,  like  grapes, 
around  the  ends  of  the  smaller  salivary  tubes. 

(Fig.  34.)  A more  complete  examination  has 
shown,  however,  that  the  follicles  are  simply 
the  rounded  extremities  of  tubular  or  sac-like  offshoots  from  the 
salivary  tube;  and  that  it  is  the  windings  and  prolongations  of  the 
tube  itself  which  constitutes  the  secreting  follicles  of  the  gland.  The 
follicles  themselves  are  in  general  about  50  mmm.  in  diameter,  and 
are  lined  with  the  glandular  epithelium  cells , which  cover  their  in- 
ternal surface  and  nearly  fill  their  cavity;  so  that  there  is  frequently 
to  be  seen  only  a comparatively  small  space  toward  the  central  part 
of  the  follicle,  containing  a transparent  fluid,  produced  by  the  secreting 


Fig.  35. 


Two  Salivary  Tubes  prom  the  Lobule  op  a Muciparous  Gl  and,  entering 
the  main  duct. — a.  Duct  of  the  lobule,  b.  Salivary  tube.  c.  Follicles,  on  one  side,  as  they 
appear  in  situ.  d.  Follicles  separated  from  each  other,  showing  the  windings  and  offshoots 
of  the  salivary  tube.  (Kolliker.) 

action  of  the  cells.  The  glandular  cells,  which  are  arranged  in  a 
single  layer,  are  finely  granular  bodies,  about  15  mmm.  in  diameter, 
each  one  provided  with  an  oval  nucleus,  situated  toward  the  external 
part  of  the  follicle.  The  cells  are  closely  packed  together,  and  are  of 
various  polygonal  forms. 

The  salivary  tubes  or  ducts , outside  the  follicles,  unite  into  larger  and 
larger  branches,  until  they  reach  the  principal  excretory  duct  of  the  gland. 
They  are  lined  with  a layer  of  cells  which  vary  in  form  from  those  of 
the  follicles,  being  elongated  and  cylindrical,  and  provided  with  a nucleus 
which  is  situated  about  their  middle  portion.  It  is  very  probable  that 
the  epithelium  of  the  salivary  ducts,  as  well  as  that  of  the  follicles,  takes 
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Lobule  of  Parotid 
Gland  of  newly-born  in- 
fant, injected  with  mercury. 
(Wagner.) 
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part  in  the  process  of  secretion ; since  Pfliiger  has  found  that  in  sec- 
tions of  the  gland,  examined  immediately  after  being  taken  out  of  the 


Fig.  36. 


Glandular  Follicles  and  Cells;  from  the  submaxillary  gland  of  the  dog. 

(Heidenhain.) 


body,  transparent  drops  of  fluid  may  be  seen  exuding  from  the  ends  of 
the  cylindrical  epithelium  cells  into  the  cavity  of  the  duct.  The  follicles 

Fig.  37. 


Section  op 
with  cylindrical 
central  cavity. 


THE  SUBMAXILLARY  GLAND 

epithelium  and  central  cavity,  b. 
(Kdlliker.) 


PROM  THE  Boo.-o.  Salivary  duct. 
Follicle,  with  glandular  epithelium  and 


and  lobules  are  surrounded  with  a delicate  layer  of  connective  tissue, , in 
which  are  distributed  the  capillary  bloodvessels,  which  supply  to 
gland  the  materials  for  its  secretion. 
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Physical  and  Chemical  Properties  of  the  Saliva. — Human  saliva, 
obtained  directly  from  the  cavity  of  the  mouth,  is  a colorless,  slightly 
viscid,  and  alkaline  fluid,  with  a specific  gravity  of  1.005.  When  first 
discharged,  it  is  frothy  and  opaline,  holding  in  suspension  minute  whitish 
flocculi.  On  being  allowed  to  stand  for  some  hours  in  a cylindrical  glass 
vessel,  an  opaque,  whitish  de- 
posit collects  at  the  bottom, 
while  the  supernatant  fluid  be- 
comes clear.  The  deposit,  when 
examined  by  the  microscope 
(Fig.  38),  is  seen  to  consist  of 
abundant  epithelium  scales 
from  the  internal  surface  of 
the  mouth,  detached  by  me- 
chanical attrition,  minute, 
roundish,  granular,  nucleated 
cells,  apparently  epithelium 
from  the  mucous  follicles,  a 
certain  amount  of  granular 
matter,  and  a few  oil-globules. 

The  supernatant  fluid  has  a 
faint  bluish  tinge,  and  becomes 

slightly  opalescent  by  boiling-  witk  Granular  Matter  and  Oil-globules ; deposited 
J as  sediment  from  human  saliva. 

or  by  the  addition  of  nitric 

acid.  Alcohol  in  excess  causes  the  precipitation  of  abundant  whitish 
flocculi. 

According  to  the  analyses  of  Bidder  and'  Schmidt,  the  composition 
of  the  saliva  is  as  follows  : 


Composition  op  the  Saliva. 

Water 995.16 

Albuminous  matter  . . . ..  . . . 1.34 

Potassium  sulphocyanide  ......  0.06 

Calcareous,  magnesian,  and  alkaline  phosphates  . . 0.98 

Sodium  and  potassium  chlorides 0.84 

Mixture  of  epithelium 1.62 


1000.00 

It  will  be  seen  that  the  saliva  is -one  of  the  least  concentrated  of  the 
digestive  secretions,  containing  hut  a very  small  quantity  of  organic 
matter,  and  by  no  means  a large  proportion  of  mineral  salts  ; its  watery 
ingredient  being  by  far  the  most  abundant,  as  compared  with  the  other 
animal  fluids.  rihe  albuminous  matter  of  the  saliva  consists  of  a small 
quantity  of  albumen , coagulable  by  the  ordinary  means;  more  or  less. 
mucosine , which  gives  to  the  fluid  its  slightly  viscid  character ; and 
ptyaline , a substance  peculiar  to  the  saliva,  which  is  not  coagulated, 
like  albumen,  by  nitric  acid  or  potassium  ferrocyanide,  but  is  precipi- 


Fig.  38. 


Buccal  and  Glandular  Epithelium, 
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tated  both  by  a boiling  temperature  and  by  alcohol  in  excess.  Some 
" reagents,  accordingly,  precipitate  all  the  — - matters 
of  the  saliva,  while  others  produce  coagulation  of  only _ a ^part  of  the  • 
The  sodium  sulphocyanide  of  the  saliva  may  be  detected  by  adding  to 
the  secretion  a small  quantity  of  a solution  of  iron  chloride,  when  the 
characteristic  red  color  of  iron  sulphocyanide  is  produced.  A similar 
red  color  is  also  produced  by  the  action  of  the  ferric  salts  upon 
meconic  acid,  or  the  meconates;  but  the  two  substances  may be  dis- 
tinguished from  each  other  by  the  fact  that  the  red  color  caused  by  the 
pretence  of  a sulphocyanide  is  destroyed  by  the  addition l of J ei  g 
chloride  or  mercurial  bichloride,  neither  of  which  affects  the  tint  pio 
cluced  by  meconic  acid.  The  presence  of  a combination  of  suiphocy- 
anogen  in  human  saliva  is  almost  constant,  and  we  have  never  a 
find°  it  in  the  freshly  collected  secretion  by  the  iron-chloride  te  t 
Vierordt1  has  calculated  the  amount  of  potassium  sulphocyanide  m 
saliva  by  measuring  the  absorption  of  light  in  the  green  and  blue  por- 
i ns  oft^e  spectrum  of  the  red  fluid  produced  on  the  addition  of  iron 
chloride;  and  has  found  it,  in  an  average  of  six  observations,  to  be  0.16 

PaTLPsalivr,Ufike  various  other  animal  fluids,  has  the  property  of  con- 
verting 1^  starch  into  glucose  if  mingled  with  it  at  or  about  a 
, ° tn'vp  of  qqo  noooF  1 The  change  is  not  confined  to  piecisely 

and  below  it,  it  the  degree  of  cold  or  warmth  be  ^ “ 

entirely  suspended,  however,  at  or  neai  e reez  S ’ ,p.rielids  in 

manently  arrested  by  the  temperature  o 01  mg  • ct  jike 

the  saliva,  upon  the  presence  of  ptyalvne, which  acts  mthis  ^peet  bke 

the  “ diastase’’  of  H wll^  its 

matters  which,  exeit  a so-called  Pfncient  at 

effect  only  with.n  certain  ££  -- 

about  the  warmth  of  the  living  o°<  y freezing;  tern- 

ever,  by  the  action  of  cold  ’nd  aUows  it  to  recommence 

perature  only  suspends  it  for  tl  » > temperature  at  once 

‘when  moderate  warmth  is  again  applied,  a ta'mg  temped  ^ 

coagulates  the  ptyalme  and  ces  toys  , ' d allowed  to  cool, 

therefore,  which  has  been  boded  for  a .** m tants  starch 

is  found  to  have  permanently  lost  its  po 

into  sugar.  , ,_r1  strirch  takes  place  sometimes 

This  action  of  human  saliva  on  liy  ‘ ' ...  k detected  in  the 

with  great  rapidity.  Traces  of  glucose  in 

mixture  in  one  minute  after  the _two  h . introduced  into  the 

contact ; and  we  have  even  found  tha  ",  ‘ ture  0f  38°,  will  yield 

cavity  of  the  mouth, if  alJ'ea^  *muwte.  The  rapidity,  however,  with 
traces  of  sugar  at  the  end  of  halt  . 

, Anwendnng  des  Spectralappara.es  s«.  Photometric  der  Ahsorptioasspectrea. 

Tiibiugen,  1873,  p.  147. 
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which  this  action  is  manifested,  varies  very  much,  as  formerly  noticed 
by  Lehmann,  at  different  times ; and  it  is  frequently  impossible,  even 
with  the  mixture  kept  steadily  at  the  temperature  of  38°,  to  find  any 
evidence  of  sugar  under  five,  ten,  or  fifteen  minutes.  This  difference 
depends  probably  upon  the  varying  constitution  of  the  saliva  itself. 

Notwithstanding  the  rapidity  with  which  glucose  begins  to  show  itsell 
in  a mixture  of  saliva  with  boiled  starch,  this  action  is  not  a very  ener- 
getic one ; that  is,  only  a very  small  quantity  of  the  starch  is  converted 
into  glucose  within  a given  time,  the  greater  portion  remaining  un- 
changed. This  is  proved  by  the  fact  that  such  a mixture  will  show 
the  characteristic  reaction  of  starch  with  iodine  long  after  Feliling  s 
test  has  shown  the  existence  of  traces  of  glucose.  If  a weak  solu- 
tion of  boiled  starch,  made  in  the  proportion  of  3 pai'ts  of  starch  to 
100  parts  of  water,  be  mixed  with  one-third  of  its  volume  of  fresh  human 
saliva  and  placed  in  the  water-bath  at  the  temperature  of  3S°,  it  will 
often  give,  in  one  minute,  a prompt  sugar -reaction  with  Fehling’s  test ; 
but  it  also  contains,  at  the  same  time,  an  abundance  of  unaltered  starch. 
Even  at  the  end  of  an  hour,  according  to  our  own  observations,  the  starch 
is  far  from  being  entirely  converted,  as  the  mixture  will  still  give  a strong 
purple-blue  color  on  the  addition  of  iodine.  The  same  persistence  ol 
starch  in  considerable  proportion  may  be  seen  when  the  mixture  is 
retained  in  the  mouth  itself.  If  a thin  paste  of  hydrated  starch,  con- 
taining no  traces  of  sugar,  be  taken  into  the  mouth  and  thoroughly 
mixed  with  the  buccal  secretions,  it  will  often,  as  above  mentioned, 
begin  to  show  the  reaction  of  glucose  in  half  a minute  ; but  some  of  the 
starchy  matter  still  remains,  and  will  continue  to  manifest  its  character- 
istic reaction  with  iodine  for  fifteen  or  twenty  minutes,  or  even  for  half 
an  hour. 

The  secretions  produced  by  the  different  salivary  glands  vary  some- 
what in  their  physical  properties,  especially  in  the  degree  of  their  vis- 
cidity, depending  mainly  upon  the  quantity  of  mucosine  present.  The 
■parotid  saliva  is  obtained  in  a state  of  purity  from  the  dog  by  exposing 
the  duct  of  Steno  where  it  crosses  the  masseter  muscle,  and  introducing 
into  it,  through  an  artificial  opening,  a silver  canula.  The  secretion 
then  runs  directly  from  its  external  orifice,  without  being  mixed  with 
that  of  the  other  salivary  glands.  It  is  clear,  limpid,  and  watery,  and 
without  the  slightest  viscidity.  The  submaxillary  saliva  is  obtained  in 
a similar  manner,  by  inserting  a canula  into  Wharton’s  duct.  It  dif- 
fers from  the  parotid  secretion,  so  far  as  its  physical  properties  are 
concerned,  chiefly  in  possessing  a well  marked  viscidity.  The  sublingual 
saliva  is  also  colorless  and  transparent,  and  possesses  a greater  degree  of 
viscidity  than  that  from  the  submaxillary.  The  secretion  of  the  muci- 
parous glandules,  which  forms  properly  a part  of  the  saliva,  is  obtained 
by  placing  a ligature  simultaneously  on  Wharton’s  and  Steno’s  ducts, 
and  on  that  of  the  sublingual  gland,  so  as  to  shut  out  from  the  mouth 
all  the  glandular  salivary  secretions,  and  then  collecting  the  fluid  se- 
creted by  the  buccal  mucous  membrane.  This  fluid  is  very  scanty,  and 
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much  more  viscid  than  cither  of  the  other  secretions ; so  much  so,  that 
it  cannot  be  poured  out  in  drops  when  received  in  a glass  vessel,  but 
adheres  strongly  to  the  surface  of  the  glass.  All  the  salivary  secretions 
are  alkaline  in  reaction. 

We  have  obtained  the  parotid  saliva  of  the  human  subject  in  a state 
of  purity  by  introducing  directly  into  the  orifice  of  Steno  s duct  a 
silver  canula  a little  over  one  millimetre  in  diameter.  The  other  ex- 
tremity of  the  canula  projects  from  the  mouth  between  the  lips,  and 
the  saliva  is  collected  as  it  runs  from  the  open  orifice.  This  method 
gives  results  much  more  valuable  than  observations  made  on  salivary 
fistulas  and  the  like,  since  the  secretion  is  obtained  under  perfectly 
healthy  conditions,  and  unmixed  with  other  animal  fluids. 

The  result  of  many  different  observations,  conducted  in  the  manner 
above  described,  is  that  the  human  parotid  saliva,  like  that  of  the  dog, 
is  colorless,  watery,  and  distinctly  alkaline  in  reaction.  It  differs  from 
the  mixed  saliva  of  the  mouth,  in  being  perfectly  clear,  without  tur- 
bidity or  opalescence.  Its  flow  is  scanty  while  the  cheeks  and  jaws 
remain  at  rest ; but  as  soon  as  the  movements  of  mastication  are  excited 
by  the  introduction  of  food,  it  runs  in  much  greater  abundance.  We 
have  collected,  in  this  way,  from  the  parotid  duct  of  one  side  only,  m a 
healthy  man,  31.1  grammes  of  saliva  in  the  course  of  twenty  minutes  ; 
and  in  seven  successive  observations,  made  on  different  days,  comprising 
in  all  three  hours  and  nine  minutes,  we  have  collected  a little  over  194 

grammes.  „ „ 

The  parotid  saliva  obtained  in  this  way  has  been  analyzed  by  I ro  . 

Maurice  Perkins,  with  the  following  result : 


Composition  op  Human  Parotid  Saliva. 
w , ...  983.308 

Organic  matter  precipitable  by  alcohol  ‘ 

Substance  destructible  by  heat,  but  not  precipitated  by  alcohol  4.810 

Sodium  sulphocyanide 040 

Lime  phosphate '"0 

Potassium  chloride 

Sodium  chloride  and  carbonate 

1000.000 

Prof.  Perkins  found,  in  accordance  with  our  own  observations,  that 
the  fresh  parotid  saliva,  when  treated  with  iron  chloride,  showed  no 
evidences  of  sulphocyanogen;  but  after  the  organic  matters  had  been 
precipitated  by  alcohol,  the  filtered  fluid  was  found  to  contam  an  appre- 
ciable quantity  of  sulphocyanide. 

The  parotid  saliva,  accordingly,  differs  from  the  mixed  saliva  of  the 
mouth  in  containing  some  substance  which  masks  the  reaction  of  su  - 
phocyanogen.  If  the  parotid  saliva  and  that  from  the  mouth  be  c * 
froi/the  same  person  within  the  same  hour,  the  addition  of  iron  chloride 
wT produce  a distinct  red  color  in  the  latter,  while  no  such  change 
takes  place  in  the  former.  And  yet  the  parotid  saliva  itself  contains 
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sulphocyanide  which  may  be  detected,  as  we  have  seen,  after  the  organic 
matters  have  been  precipitated  by  alcohol. 

Both  the  parotid  saliva  and  that  from  the  submaxillary  gland  in  the 
human  subject  contain  ptyaline,  but  they  differ  considerably,  as  in  the 
case  of  the  lower  animals,  in  their  degree  ot  viscidity. 

Mode  of  Secretion  of  the  Saliva.— The  different  salivary  glands  vary 
in  the  quantity  of  fluid  secreted  by  them  and  in  the  different  influences 
which  excite  them  to  activity.  As  shown  by  Bernard,  the  parotid 
saliva  is  most  abundantly  poured  out  under  the  stimulus  of  anything 
which  excites  the  movement  of  the  jaws,  as  in  the  mastication  oi  diy 
substances,  or  continuous  speaking;  while  that  of  the  submaxillary  is 
especially  increased  by  the  introduction  of  substances  which  excite  the 
sense  of  taste.  According  to  the  same  experiments,  the  secretion  of  the 
sublingual  glands  in  the  dog  is  particularly  excited  at  the  moment  of 
deglutition,  and  aids,  together  with  that  of  the  muciparous  glandules,  in 
lubricating  the  surface  of  the  mouth  and  fauces,  and  in  facilitating  the 
passage  of  the  masticated  food  through  the  oesophagus.  Colin,  in  expe- 
rimenting upon  the  horse  and  the  ox,1  found  also  that  the  parotid  saliva 
in  these  animals  is  abundantly  excited  by  the  movements  of  mastication, 
but  not  by  the  simple  contact  of  sapid  substances  with  the  mucous  mem- 
brane of  the  mouth ; while,  on  the  other  hand,  the  secretion  of  the  sub- 
maxillary saliva  is  considerably  increased  by  introduction  into  the  mouth 
of  substances  having  a marked  taste.  Both  the  parotid  and  submaxillary 
secretions  are  abmidant  while  the  animal  is  feeding,  their  quantity  being 
proportional  to  the  rapidity  of  mastication  and  the  sapid  quality  of  the 
alimentary  substances.  They  are  both  either  suspended  or  very  much 
diminished  during  abstinence.  In  the  ruminants,  however,  the  sublingual 
saliva,  like  the  submaxillary,  is  excited  by  sapid  substances ; it  is  also 
secreted  continuously  while  the  animal  is  feeding,  and  not  simply  at  the 
moment  of  deglutition.  It  continues  to  be  secreted  during  abstinence, 
and  contributes  to  the  supply  of  fluid  by  which  the  surfaces  are  kept  in 
a moist  condition. 

Another  fact  observed  by  Colin  which  indicates  the  different  nervous 
influences  by  which  the  salivary  glands  are  controlled,  is  that  in  the 
ruminant  animals  while  feeding  both  the  parotid  and  submaxillary 
glands  furnish  an  abundant  supply  of 'saliva;  but  during  the  process  of 
rumination,  although  the  parotid  glands  are  in  full  secretion,  discharging 
frequently  as  much  as  900  grammes  of  saliva  in  a quarter  of  an  hour, 
the  submaxillary  glands  are  entirely  inactive  or  produce  only  an  insig- 
nificant quantity  of  fluid.  Colin  has  also  found  that  in  the  horse  and  ass, 
as  v ell  as  in  the  ox  and  other  ruminating  animals,  the  parotid  glands  of 
the  two  opposite  sides,  during  mastication,  are  never  in  active  seci’etion 
at  the  same  time;  but  that  they  alternate  with  each  other,  one  remain- 
ing quiescent  while  the  other  is  active,  and  vice  versa.  In  these  animals 
mastication  is  said  to  be  unilateral , that  is,  when  the  animal  commences 

Physiologie  compare  des  Animaux  Domesticities.  Paris,  1854,  tome  i.  p.  468. 
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feeding  or  ruminating,  the  food  is  triturated  for  fifteen  minutes  or  more 
by  the  molars  of  one  side  only.  It  is  then  changed  to  the  opposite  side ; 
and  for  the  next  fifteen  minutes  mastication  is  performed  by  the  molars 
of  that  side  only.  It  is  then  changed  back  again,  and  so  on  alternately , 
so  that  the  direction  of  the  lateral  movements  of  the  jaw  may  be  reversed 
many  times  during  the  course  of  a meal.  By  establishing  a salivary 
fistula  simultaneously  on  each  side,  it  is  found  that  the  flow  of  sa  iva 
corresponds  with  the  direction  of  the  masticatory  movement.  When 
the  animal  masticates  on  the  right  side,  it  is  the  right  parotid  which 
secretes  actively,  while  but  little  saliva  is  supplied  by  the  left ; when 
mastication  is  on  the  left  side,  the  left  parotid  pours  out  an  abundance 

of  fluid,  while  the  right  is  nearly  inactive. 

We  have  observed  a similar  alternation  in  the  flow  of  parotid  saliva 
in  the  human  subject,  when  mastication  is  changed  from  side  to  side 
In  an  experiment  of  this  kind,  the  tube  being  inserted  into  the  paiotid 
duct  of  the  left  side,  the  quantity  of  saliva  discharged  during  "en  .V 
minutes,  while  mastication  was  performed  mainly  on  the  opposite  side 
of  the  mouth,  was  8.26  grammes;  while  the  quantity  during  e sain 
neriod  mastication  being  on  the  same  side  of  the  mouth,  was  - . 
grammes-being  nearly  three  times  as  much  in  the  latter  case  as  in 

!0VZly  Quantity  of  the  Saliva- Owing  to  the 

in  the  rapidity  of  secretion  of  the  saliva,  and  also  to  the  fact  that  is 
.‘  • i-i.p  s,,me  -way  by  artificial  stimulus  as  by  the  presence  of 

focffirt'is  BOmewhat  difficult  to  ascertain  with  exactness  its  total  daily 
Tbe  first  attempts  to  do  so  were  made  upon  patients  affected 

per  day.  As  m these  • » nrooortion  in  quantity  between  the 

not  in  a healthy c0^i°^^b  the  remaining  glands  must  necessarily 
parotid  saliva -and  that  se  y ^ could  hardly  be  regarded 

be  a matter  ofconjectu  , , from  the  reSults  of  direct  observation, 

as  correct.  Bidder  and  S , these  observers,  in  experi- 

were  led  to  make  a the  mouth  in  one  hour,  without 

menting  upon  himself,  ^Hec  meg  q{  saliya.  and  calculates, 

using  any  artificial  stimulus,  g allowance  of  seven 

therefore,  the  amount  secreted  daily,  maiu  g 

hours  for  sleep,  as  not  far  from  1620  gramm^  tQ  conect  from 

On  repeating  this  experimen  we  ■-  . grammes  of  saliva 

the  mouth,  without  artificial  stimu  us,  m ^ increased  by  the 

per  hour.  This  quantity,  substance, 

introduction  into  the  moutl  ‘ • mastication  of  food,  the 

as  glass  beads  or  the  like  ; and  dun. ig  ^ si  ht  and 

saliva  is  poured  out  in  very  much  greater  abundance. 

■ Verdauun gssaefte  und  StofTwechsel.  Leipzic,  18 1-  l 
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odor  of  nutritious  food,  when  the  appetite  is  excited,  will  stimulate 
to  a remarkable  degree  the  flow  of  saliva;  and,  as  it  is  often  expressed, 
“ bring  the  water  into  the  mouth.”  Any  estimate,  therefore,  of  the  total 
quantity  of  saliva,  based  on  the  amount  secreted  in  the  intervals  of  mas- 
tication, would  be  imperfect.  We  may  make  a tolerably  accurate  calcu- 
lation, by  ascertaining  how  much  is  ready  secreted  during  a meal,  over 
and  above  that  which  is  produced  at  other  times.  We  have  found,  by 
experiments  performed  for  this  purpose,  that  wheateu  biead  gains  duiing 
complete  mastication  55  per  cent,  of  its  weight  of  saliva;  and  that  liesh 
cooked  meat  gains,  under  the  same  circumstances,  48  per  cent,  of  its 
weight.  We  have  already  seen  that  the  daily  allowance  of  these  two 
substances,  for  a man  in  full  health  and  activity,  is  about  540  grammes 
of  bread  and  450  grammes  of  meat.  The  quantity  of  saliva,  accordingly, 
employed  iu  the  mastication  of  these  two  substances  is,  for  the  biead 
297  grammes,  and  for  the  meat  216  grammes.  If  we  now  calculate  the 
quantity  secreted  between  meals  as  continuing  for  twenty-two  hours  at 
the  rate  of  36  grammes  per  hour,  we  have  : 

Saliva  required  for  the  mastication  of  bread  = 297  grammes. 

.i  “ “ “ “ “ meat  = 216 

“ secreted  in  intervals  of  meals  =792  “ 

Total  quantity  per  day,  a little  over  1300 

Physiological  Action  of  the  Saliva.— The  principal  function  of  the 
saliva  is  undoubtedly  to  moisten  the  food  and  provide  in  this  way  for  its 
further  solution,  and  especially  to  assist  in  mastication,  by  which  the 
food  is  converted  into  a pultaceous  mass.  This  is  mainly  accomplished 
by  the  watery  ingredients  of  the  secretion,  while  the  albuminous  matters 
contained  in  it  not  only  aid  in  giving  to  the  masticated  food  the  requi- 
site consistency^,  but  also  act  by  lubricating  its  surface,  and  facilitating 
its  deglutition.  This  is  evident  from  the  fact  that  the  principal  trouble 
which  results  from  absence  or  deficiency  of  the  saliva  is  a difficulty  in 
the  mechanical  processes  of  mastication  and  swallowing.  Food  which 
is  hard  and  dry,  like  crusts  or  crackers,  cannot  be  masticated  and 
swallowed  with  readiness,  unless  moistened  by  some  fluid.  If  the 
saliva  be  prevented  from  entering  the  cavity  of  the  mouth,  its  loss 
does  not  interfere  directly  with  the  chemical  changes  of  the  food  in 
digestion,  but  only  with  its  physical  preparation.  This  is  the  result 
of  direot  experiments  performed  by  various  observers.  Bidder  and 
Schmidt,1  after  tying  Steno’s  duct,  together  with  the  common  duct  of 
the  submaxillary  and  sublingual  glands  , on  both  sides  in  the  dog, 
found  that  the  immediate  effect  of  such  an  operation  was  “ a remark- 
able diminution  of  the  fluids  which  exude  upon  the  surfaces  of  the 
mouth ; so  that  these  surfaces  retaiued  their  natural  moisture  only  so 
long  as  the  mouth  was  closed,  and  readily  became  dry  on  exposure  to 
the  air.  Accordingly,  deglutition  became  evidently  difficult  and  labo- 

1 Verdauungssaefte  und  Stoffwechsel,  p.  3. 
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nous,  not  only  for  dry  food,  like  bread,  but  even  for  that  of  a tolerably 
moist  consistency,  like  fresh  meat.  The  animals  also  became  very 
thirsty,  and  were  constantly  ready  to  drink.” 

Bernard1  also  found  that  the  only  marked  effect  of  cutting  off  the  flow 
of  saliva  from  the  mouth  was  a difficulty  in  the  mechanical  processes  of 
mastication  and  deglutition.  He  first  administered  to  a horse  500 
grammes  of  oats,  in  order  to  ascertain  the  rapidity  with  which  mastica- 
tion would  naturally  be  accomplished.  The  above  quantity  of  grain  was 
thoroughly  masticated  and  swallowed  at  the  end  of  nine  minutes.  An 
opening  had  been  previously  made  in  the  oesophagus  at  the  lower  part 
of  the  neck,  so  that  none  of  the  food  reached  the  stomach;  but  each 
mouthful,  as  it  passed  down  the  oesophagus,  was  received  at  the  oesopha- 
geal opening  and  examined  by  the  experimenter.  The  parotid  duct  on 
each  side  of  the  face  was  then  divided,  and  another  similar  quantity  of 
oats  given  to  the  animal.  Mastication  and  deglutition  were  both  found 
to  be  immediately  retarded.  The  alimentary  masses  passed  dovn  the 
oesophagus  at  longer  intervals,  and  their  interior  was  no  longer  moist 
and  pasty,  as  before,  but  dry  and  brittle.  Finally,  at  the  end  of  twenty- 
five  minutes,  the  animal  had  succeeded  in  masticating  and  swallowing 
only  about  three-quarters  of  the  quantity  which  he  had  previously  dis- 
posed of  iu  nine  minutes. 

It  appears  from  the  experiments  of  Magendie,  Bernard,  and  Las- 
saigne,  on  horses  and  cows,  that  the  quantity  of  saliva  absorbed  by 
the  food  during  mastication  is  in  direct  proportion  to  its  hardness  and 
dryness,  but  has  no  particular  relation  to  its  chemical  qualities.  Ihese 
experiments  were  performed  as  follows : The  oesophagus  was  opened  at 
the  lower  part  of  the  neck,  and  a ligature  placed  upon  it,  between  the 
wound  and  the  stomach.  The  animal  was  then  supplied  with  a pre- 
viously weighed  quantity  of  food,  and  this,  as  it  passed  out  by  the  oeso- 
phageal opening,  was  received  into  appropriate  vessels  and  again 
weighed.  The  difference  in  weight,  before  and  after  swallowing,  indi- 
cated the  quantity  of  saliva  absorbed  by  the  food.  The  following  table 
gives  the  results  of  some  of  Lassaigne’s  experiments,  performed  upon  a 

horse. 


Kind  of  Food  employed. 


For  100  parts  of  hay  .... 

“ barley  meal 

“ oats  . 

“ green  stalks  and  leaves 


Quantity 


of  Saliva  absorbed. 

. 400  parts. 


. 186  “ 
. 113  “ 

. 49  “ 


It  is  evident  from  the  above  facts,  that  the  quantity  of  saliva  pro- 
duced has  not  so  much  to  do  with  the  chemical  character  of  the  food 
as  with  its  physical  condition.  When  the  food  is  dry  and  hard,  and 
requires  much  mastication,  the  saliva  is  secreted  m abundance;  when  l 
is  soft  and  moist,  a smaller  quantity  of  the  secretion  is  poured  out  ; and 
finally,  when  the  food  is  taken  in  a fluid  form,  as  soup  or  milk,  oi 
reduced  to  powder  and  moistened  artificially  with  a large  quantity  of 


' Lcqoiis  dc  Physiologic  Experimental.  Paris,  1856,  p.  146. 
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•water,  it  is  not  mixed  at  all  with  saliva,  but  passes  at  once  into  the 
cavity  of  the  stomach. 

A difference  of  opinion  exists  among  various  authors  as  to  whether 
the  transforming  power  of  the  saliva  upon  starch  be  also  an  essential 
part  of  its  physiological  action.  If  the  digestion  of  the  food  took  place 
in  the  cavity  of  the  mouth,  or  if  it  were  retained  there  for  any  consider- 
able time,  there  would  be  no  doubt  in  this  respect.  But  in  reality  the 
food  is  in  only  momentary  passage  though  the  mouth,  remaining  there 
merely  long  enough  to  allow  for  mastication.  We  have  already  seen 
that  this  time  is  too  short  to  complete  the  conversion  into  glucose 
of  even  the  small  quantity  of  starch  contained  in  a dilute  solution, 
much  more  so  the  abundant  semi-solid  starchy  matters  of  bread  or 
vegetables.  There  can  be  no  question  whatever  that  in  point  of  fact, 
the  starchy  elements  of  the  food  are  not  digested  or  transformed  to  any 
considerable  extent  while  in  the  cavity  of  the  mouth.  They  are  swal- 
lowed into  the  stomach  with  by  far  their  greater  portion  still  unchanged. 
Some  observers  (Schiff,  F.  G.  Smith,  Flint,  Ranke,  Brunton)  believe 
that  the  transforming  action  of  the  saliva,  which  is  commenced  in  the 
mouth,  may  continue  subsequently  in  the  stomach  in  presence  of  the 
gastric  juice.  Others  (Bernard,  Robin,  Colin)  assert  that  the  action 
of  the  saliva  on  starch  is  arrested  by  the  gastric  juice,  and,  as  a matter 
of  fact,  does  not  go  on  in  the  stomach.  This  discrepancy  no  doubt 
depends  partly  upon  differences  in  the  mode  of  experimentation ; some 
writers  contenting  themselves  with  testing  the  effect  of  dilute  acids  only 
on  the  saliva,  others  using  the  gastric  juice  itself.  The  proportion  in 
which  the  two  secretions  are  mingled  also  makes  a difference  in  the 
result,  and  the  properties  of  either  one  may  vary  somewhat  according 
to  the  time  at  which  it  is  collected.  Our  own  observations  lead  to 
the  conclusion  that  gastric  juice  certainly  interferes  with  the  chemical 
action  of  saliva,  usually  to  a very  marked  degree,  when  mingled  with  it 
in  equal  volumes.  If  we  take  fresh  unfiltered  human  saliva,  which  is 
shown  by  a preliminary  experiment  to  be  capable  of  producing  a prompt 
sugar-reaction  in  a solution  of  boiled  starch  at  the  end  of  one  minute, 
mix  it  with  an  equal  volume  of  freshly  collected  gastric  juice  from  the 
dog,  then  add  the  starch-solution,  and  place  the  mixture  in  the  water- 
bath  at  the  temperature  of  38°  (100°  F.),  there  is  no  sugar-reaction 
whatever  at  the  end  of  five  minutes,  and  only  an  imperfect  one  in 
half  an  hour;  while  at  the  end  of  an  hour  there  may  be  distinct 
reduction  by  Fehling’s  test.1  But  if  three  volumes  of  gastric  juice 
be  added  for  one  volume  of  saliva,  the  mixture  gives  no  indication  of 
sugar  even  at  the  end  of  an  hour.  As  all  observations  tend  to  show 
that  the  gastric  juice  is  naturally  secreted  in  much  larger  quantity  than 
the  saliva,  these  proportions  undoubtedly  indicate,  more  nearly  than 

1 In  these  examinations  the  fluid  mixture  is  always  treated  with  animal  char- 
coal previously  to  applying  Fehling’s  test;  otherwise  the  albuminous  matter  of  the 
secretions  would  interfere  with  its  certainty. 
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the  former,  the  relative  quantities  in  which  the  two  secretions  are 
present  in  the  stomach  during  ordinary  digestion. 

Experiments  upon  the  lower  animals,  provided  with  gastric  fistulse, 
show  furthermore  that  in  them  starch  is  not,  in  point  of  fact,  converted 
into  sugar  in  the  stomach.  In  the  dog,  the  horse,  the  sheep,  and  the 
ox,  according  to  Bernard,  Sohiff,  and  Colin,  the  action  of  saliva  upon 
hydrated  starch  is  distinct,  though  less  rapid  than  that  of  the  human 
subject.  In  the  gnawing  animals  generally  it  is  present,  and  in  the 
guinea  pig,  according  to  Schiff,  is  more  decided  than  in  man.  But 
if  a dog,  with  a gastric  fistula,  be  fed  with  a mixture  of  meat  and 
boiled  starch,  and  portions  of  the  fluid  contents  of  the  stomach  with- 
drawn afterward  through  the  fistula,  the  starch  is  easily  recognizable 
by  its  reaction  with  iodine  for  ten,  fifteen,  and  twenty  minutes  a ter- 
ward.  In  forty -five  minutes  it  is  diminished  in  quantity,  and  m one 
hour  has  usually  disappeared ; but  no  sugar  is  to  be  detected  at  any- 
time Sometimes  the  starch  disappears  more  rapidly  than  this ; but  at 
no  time,  according  to  our  observations,  is  there  any  indication  of  the 
presence  of  sugar  in  the  gastric  fluids.  Bernard'  has  shown  the  same 
want  of  transformation  in  the  dog’s  stomach  after  swallowing  a mix- 
ture of  hydrated  starch  with  ordinary  food.  Briicke,1 2  m dogs  fed  with 
starch  paste,  found  in  the  stomach  more  or  less  unchanged  starch,  and 
either  no  sugar  or  only  traces  of  it,  after  the  lapse  of  from  one  o i\  e 
hours.  This  does  not  depend  upon  any  want  of  power  m dogs  to  diges 
hydrated  starch,  since  this  substance  is  converted  into  glucose  m these 
animals  with  great  promptitude  on  arriving  in  the  duodenum,  by 
influence  of  the  pancreatic  and  intestinal  juices. 

It  is  also  an  important  consideration,  in  this  respect,  that  the  saliva 
exerts  its  transforming  power  only  upon  starch  which  has  teen ^cooked 
or  hydrated.  All  observers  agree  that  it  is  nearly  or  quite  withou 
action  upon  raw  starch,  which  remains  unchanged  .in  contact * 
all  temperatures.  But  in  the  herbivorous  animals,  where  the  sail  . Y 
glands  are  at  least  as  fully  developed  and  the  saliva  as  abundant  as 
fn  man,  the  starchy  elements  of  the  food  are  hatotnoll j t^en  i 
the  raw  state.  Even  in  the  ruminating  animals,  wheie  the 
retained,  for  some  time  after  the  first 

unmixed  with  gastric  juice,  it  does  not  undergo  theie  the  sugar 
conversion.  Prof.  Francis  G.  Smith,  in  a series  of  e^enments^npon 
Alexis  St.  Martin,  affected  with  a gastric  fistula,  in  lb5  , 
te  contents  of  the  stomach  two  and  a half  hours  after  bread ^had  been 
masticated  aid  swallowed,  and  in  the  mixed  flurd : so  ohtm”ed  he 
detected  at  the  end  of  that  time  unchanged  starch,  both  by  the mic 
tZ and  by  the  iodine  test.  Glucose  was  ***^5 
as  bread  nearly  always  contains  glucose,  it 

1 S6cr6tions  Digestives.  Paris,  1856,  p.  159-  . 1Q7„  ,,  4.67 

. Jahresberichte  Her  Anatomic  and  Physiologic  LeW.  P-  «" 

. Philadelphia  Medical  Examiner,  July  and  September.  1855. 
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if  any,  had  been  produced  by  transformation  of  the  starch.  Colin1 
has  found  the  farinaceous  matter  of  oats  and  of  starchy  roots  recogniz- 
able by  its  iodine  reaction,  after  these  substances  had  remained  in  the 
first  stomach  of  the  ox,  mixed  with  saliva,  lor  twenty-foui  houis.  Ihe 
same  observer  introduced  into  the  interior  of  the  paunch,  through  a 
fistula,  small  muslin  bags  containing  uncooked  potato  starch,  which 
were  found  in  the  same  cavity,  still  full  of  unaltered  starch,  at  the  end 
of  twenty  and  twenty-two  hours.  It  is  worth  remembering  furthermore 
that  the  salivary  glands  and  their  secretion  are  also  abundantly  devel- 
oped in  the  carnivora,  whose  food  never  in  the  natural  condition  con- 
tains starch  as  an  ingredient. 

It  appears  evident,  therefore,  that  the  chemical  action  of  the  saliva  in 
the  lower  animals  forms  no  part  of  the  natural  process  of  digestion ; 
and  that  in  man  it  is  insignificant  in  amount,  and  quite  subordinate  to 
that  of  other  digestive  fluids.  In  both  animals  and  man,  however,  and 
in  the  carnivora  as  well  as  in  the  herbivora,  its  physical  properties  are 
important  in  accomplishing  the  processes  of  mastication  and  degluti- 
tion. 

Mastication  is  aided  and  controlled  in  great  measure  by  the  sen- 
sibilities of  touch  and  taste,  residing  in  the  surface  of  the  tongue  and 
other  pai'ts  of  the  mucous  membrane.  The  sense  of  taste  notifies  us 
of  the  alimentary  qualities  of  the  food  taken  into  the  mouth,  and 
its  sapid  qualities  must  be  fully  brought  out  by  the  comminution  and 
moistening  of  the  food  before  mastication  is  complete.  The  taste  itself 
depends,  for  one  of  its  essential  conditions,  upon  a sufficient  supply  of 
saliva,  and  this  is  by  no  means  an  unimportant  function  of  the  secretion. 
No  substance  can  produce  an  impression  upon  the  nerves  of  taste  unless 
it  be  in  a fluid  form  and  capable  of  absorption  by  the  mucous  membrane. 
The  saliva  produces  this  effect  upon  the  soluble  ingredients  of  the  food, 
and  brings  them  in  contact  with  the  papillae  of  the  tongue  in  sufficient 
quantity  to  produce  a gustatory  sensation. 

The  general  sensibility  of  the  tongue,  which  is  highly  developed, 
also  enables  this  organ  to  appreciate  the  physical  condition  of  the  food 
and  how  far  it  is  prepared  for  deglutition.  At  the  same  time  its  mus- 
cular apparatus  provides  for  its  movement  in  every  direction.  When 
the  alimentary  material  is  finally  reduced,  by  mastication  and  mixture 
with  the  saliva,  to  a sufficiently  pasty  and  homogeneous  condition,  the 
softened  mass  is  collected  from  every  part  of  the  mouth  by  the  move- 
ments of  the  tongue  and  brought  together  upon  its  upper  surface.  It 
is  then  pressed  backward  by  the  muscular  force  of  the  organ,  and  car- 
ried through  the  fauces  into  the  pharynx  and  upper  part  of  the  oesopha- 
gus. Here  it  passes  beyond  the  control  of  the  will.  It  is  then  grasped 
by  the  muscular  fibres  of  the  oesophagus,  and  by  the  continuous  and  rapid 
peristaltic  action  of  this  canal  is  carried  downward  into  the  stomach. 

1 Physiologie  compar6e  ties  Animaux  Domestiques.  Paris,  1854,  tome  i.  p.  603. 
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The  Gastric  Juice  and  Stomach  Digestion. 

The  stomach  has  long  been  recognized  as  the  organ  in  which  the 
most  important  part  of  the  digestive  process  is  inaugurated,  and  in 
which  the  essential  chemical  modifications  of  the  alimentary  matters  first 
take  place.  Its  action  consists  in  the  production  of  a special  digestive 
fluid,  the  gastric  juice , furnished  by  the  glandular  apparatus  of  its 
mucous  membrane. 

The  gastric  mucous  membrane  presents  certain  variations,  both  in  its 
general  appearance  and  its  intimate  structure,  in  different  portions  of 
the  stomach.  It  is  red  in  the  cardiac  and  middle  portion,  paler  in  the 
cardiac  portion.  It  increases  also  in  thickness  from  the  cardia  toward 
the  pylorus ; being,  according  to  the  measurements  of  Kolliker,  about 
half  a millimetre  thick  in  the  cardiac  portion,  one  millimetre  in  the 
middle,  and  one  and  a half  to  two  millimetres  near  the  pylorus.  Its 
free  surface  is  everywhere  more  or  less  uneven  and  marked  with  minute 
ridges  or  eminences.  In  the  cardiac  portion  (Fig.  39)  these  ridges  are 
reticulated  with  each  other,  so  as  to  include  between  them  polygonal 
interspaces,  each  of  which  is  encircled  by  a network  of  capillary  blood- 
vessels. In  the  pyloric  portion  Fig.  40)  the  eminences  are  more  distinct 


Fig.  39. 


Free  surface  of  Gastric  Mucous  Mem- 
brane, viewed  from  above;  from  Pig’s 
Stomach,  Cardiac  portion.  Moderately  mag- 
nified. 


Fig.  40. 


Free  surface  of  Gastric  Mtjcotts  Mem- 
brane, viewed  in  vertical  section;  from 
Pig’s  Stomach,  Pyloric  portion.  More  highly 
magnified. 


from  each  other,  pointed  in  form,  about  one-tenth  of  a millimetre  m 
height,  and  generally  flattened  from  side  to  side.  In  the  human  subject 
these  villus-like  projections  have  even  been  found  extending  over  the 
whole  surface  of  the  gastric  mucous  membrane.  Each  one  contains  a 
capillary  bloodvessel,  which  returns  upon  itself  in  a loop  at  the  extremity 
of  the  projection,  and  communicates  freely  with  adjacent  vesse  s. 

The  entire  thickness  of  the  mucous  membrane  of  the  stomach  consists 
of  glandular  follicles  or  tubules,  some  of  which  are  simple  in  structure, 
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while  others  are  compound  or  branched.  Another  distinction  between 
the  follicles  is  that  some  of  them  are  lined  throughout  with  cylindrical 
epithelium  cells,  not  very  different  from  those  on  the  free  surface  of  the 
mucous  membrane,  while  others  contain  also  larger  cells  of  a rounded 
form,  which  give  to  the  follicles  a peculiar  aspect.  Both  simple  and 
branched  follicles  may  be  found,  presenting  both  these  two  kinds  of  epi- 
thelium ; but  as  a general  rule,  the  simple  tubular  follicles  are  distin- 
guished by  their  lining  of  cylindrical  epithelium,  while  the  compound  or 
branched  follicles  more  especially  contain  the  larger  cells  of  glandular 
epithelium. 

In  the  pyloric  portion  of  the  stomach,  the  follicles  with  cylindrical 
epithelium  preponderate,  or  in  some  instances  are  present  exclusively. 
In  the  dog,  according  to  the  observations  of  Ebstein,  and  in  man,  ac- 
cording to  Kolliker,  the  mucous  membrane  in  the  immediate  proximity 
of  the  pylorus,  for  a zone  of  considerable  width,  contains  follicles  of  this 
kind  only.  They  present  the  same  essential  characters  in  man  and  in 
different  species  of  animals.  They  are  nearly  straight  or  slightly  tor- 
tuous tubules,  TV  of  a millimetre  in  diameter,  lined  with  cylindrical 
epithelium  cells,  and  terminating  in  blind  extremities  at  the  under  sur- 
face of  the  mucous  membrane  (Eig.  41).  In  their  lower  half  they  are 


Fig.  41.  Pi g-  42. 


Mucous  Membrane  op  Pio’s  Sto-  Tubular  Follicles,  from  Pyloric 
mach,  from  Pyloric  portion;  vertical  sec-  portion  of  Pig’s  Stomach,  showing  their 

tion;  showing  tubular  follicles,  and,  at  a,  a coeoal  extremities  and  epithelial  lining.  At 

closed  follicle.  Moderately  magnified.  a,  the  torn  end  of  a follicle,  showing  its 

cavity  More  highly  magnified. 


often  slightly  branched,  one  or  more  lateral  diverticula  passing  off  from 
the  principal  tubule,  and  forming  a little  mass  or  lobule  of  glandular 
tubes.  At  their  upper  extremities  they  open  on  the  free  surface  of  the 
mucous  membrane,  in  the  interspaces  between  the  projecting  folds  or 
villi.  The  cylindrical  epithelium  cells,  which  cover  the  general  surface 
of  the  gastric  mucous  membrane,  extend  downward  into  the  cavity  of 
11 
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the  follicles  and  reach  even  to  their  blind  extremities  (Fig.  42) ; only  in 
the  interior  of  the  follicles  they  are  shorter,  less  transparent,  and  more 
glandular  in  appearance  than  on  the  free  surface  of  the  mucous  mem- 
brane. 

Iu  the  cardiac  portion  of  the  stomach  the  superficial  part  ot  the 
mucous  membrane  contains  wide  depressions  or  tubes,  lined  with  laige 
cylindrical  epithelium  cells.  These  tubes,  at  a short  distance  below 
the  surface,  are  joined  each  by  two  or  more  tubular  follicles,  lined  with 
small  glandular  epithelium  cells,  and  terminating  below,  like  the  pre- 
ceding, in  rounded  extremities  (Fig.  43). 


Fig.  43. 


Fig.  44. 


Gastric  Foilioms,  from  Pig’s  Sto- 
mach, Cardiac  portion.  At  a,  two  follicles 
joining  a larger  tube ; b,  portion  of  a tube 
seen  endwise  ; c,  its  central  cavity. 


Gastric  Follicles,  with  large  gland- 
ular cells ; from  middle  portion  of  Pig’s 
Stomach. 


In  the  mucous  membrane  of  both  the  fundus  and  middle ^portion  of 
the  stomach,  but  especially  in  the  middle  port.cm .the e am  folheles 

TmaU  Veroidal  celt,'  of  peculiar 

follicle.  ’ These  cells  are  rounded  in  form,  about  20  mmm.  m diametei, 
surface  giving  to  it  from  this  cause  an  extremely  charactens  10 

smiace,  giving  c /og  a±\  In  the  compound  follicles 

or  irregularly  tumefied  appearance  «)•  £ th  ' herical  cells 
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parts,  up  to  the  point  where  they  join  the  wider  tube  leading  to  the 
surface. 

These  spheroidal  cells  have  been  designated  by  the  name  of  “ pepsine 
cells,”  and  the  glandular  follicles  con- 
taining them  as  “peptic  glands,”  from 
a supposition  that  they  are  exclusively 
concerned  in  the  production  of  the 
essential  organic  ingredient  of  the  gas- 
tric juice.  Opinions,  however,  are 
divided  upon  this  point.  The  follicles 
in  question  contain  both  the  so-called 
“pepsine  cells”  and  the  smaller  cells 
of  glandular  epithelium ; the  two  kinds 
of  cells  being  found  associated  in  the 
same  follicles  over  a large  portion  of' 
the  stomach.  It  is  only  in  the  pyloric 
region  that  the  follicles  contain  cells 
of  the  smaller  variety  alone.  It  is 
acknowledged  by  all  that  by  the  action 
of  glycerine  a substance  having  the 
properties  of  pepsine  may  be  extracted 
from  the  middle  or  cardiac  portions  of 
the  gastric  mucous  membrane,  and  not 
from  the  pyloric  portion.  But  Ebstein 
has  shown1,  that,  if  two  digestive  fluids 
be  prepared  by  macerating  the  gastric 
mucous  membrane  in  water  acidulated 
with  hydrochloric  acid,  using  for  one 
the  pyloric  portion  and  for  the  other  the 
middle  portion,  both  of  these  fluids  pos- 
sess under  similar  conditions,  digestive  properties  which  are  the  same  in 
kind,  and  differ  only  in  degree.  The  principal  distinction  between  the 
two  kinds  of  cells,  according  to  the  same  observer,  is  that  the  substance 
of  the  cylindrical  cells  becomes  cloudy  and  shrivelled  by  the  action  of 
acids  generally  ; while  that  of  the  spheroidal  cells  is  thus  affected  only 
by  mineral  acids,  acetic  acid,  on  the  contrary,  causing  them  to  become 
swollen  and  transparent.  Prom  this  it  is  concluded  that  the  smaller 
cells  contain  a substance  like  mucosine,  while  the  larger  consist  of 
materials  more  closely  resembling  albumen. 

It  cannot  therefore  be  said  with  certainty,  that  either  the  larger  cells 
or  the  follicles  containing  them  produce  exclusively  either  the  pepsine 
or  the  acid  of  the  gastric  juice.  No  doubt  the  follicles  in  different  por- 
tions of  the  stomach  differ  from  each  other  more  or  less,  in  function  as 
well  as  in  appearance ; but  it  is  not  yet  possible  to  determine  the  exact 
nature  of  the  differences  between  them.  By  the  combined  action  of  all 

1 Archiv  fUr  Mikroskopiscke  Anatomic,  1870,  vi.  p.  515. 


Compound  Gastric  Foiholb, 
from  the  Cardiac  portion  of  human 
stomach.  1.  Excretory  tube,  leading 
to  the  surface.  2.  Tubular  follicles, 
containing  spheroidal  cells.  (Kolliker.) 
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parts  of  the  glandular  apparatus  is  produced  the  characteristic  secretion 
of  the  gastric  j uice. 

Physical  Qualities  and  Composition  of  the  Gastric  Juice.  1 he  earliest 
decisive  investigations  in  regard  to  the  existence  and  properties  of  the 
gastric  juice  were  those  made  by  Dr.  Beaumont,  of  the  United  States 
Army,  in  the  case  of  Alexis  St.  Martin,  a Canadian  boatman,  who  vas 
affected  with  a permanent  gastric  fistula,  the  result  of  an  accidental  gun- 
shot wound.  The  musket,  which  was  loaded  with  buckshot  at  the  time 
of  the  accident,  was  discharged,  at  the  distance  of  a few  feet  from  St. 
Martin’s  body,  in  such  a manner  as  to  tear  away  the  integument  at  the 
lower  part  of  the  left  chest,  open  the  pleural  cavity,  and  penetrate, 
through  the  lateral  portion  of  the  diaphragm,  into  the  great  pouch  of  the 
stomach.  After  the  integument  and  the  pleural  and  peritoneal  surfaces 
had  united  and  cicatrized,  there  remained  a permanent  opening  about  two 
centimetres  in  diameter  leading  into  the  left  extremity  of  the  stomach, 
which  was  usually  closed  by  a circular  valve  of  protruding  mucous 
membrane.  This  valve  could  be  readily  depressed  at  any  time,  so  as  to 
open  the  fistula  and  allow  the  contents  of  the  stomach  to  be  extracted 

for  examination.  , . 

Dr.  Beaumont  experimented  upon  this  person  at  various  intervals 

from  the  year  1825  to  1832.1  He  established  during  the  course  of  his 
examinations  the  following  important  facts  : First,  that  the  active  agen 
in  digestion  is  an  acid  fluid,  secreted  by  the  walls  of  the  stomach 
secondly,  that  this  fluid  is  poured  out  by  the  glandular  walls  o 
organ  only  during  digestion,  and  under  the  stimulus  of  the  food  anc 
finally,  that  it  will  exert  its  solvent  action  upon  the  food  outside  the 
body  as  well  as  in  the  stomach,  if  kept  in  glass  phials  upon  a sand-bath 
at  the  temperature  of  38°  (100°  F.).  He  made  also  a variety  of  other 
interesting  investigations  as  to  the  effect  of  various  kinds  of  stimulus  on 
the  secretion  of  the  stomach,  the  rapidity  with  which  the  process  o 
digestion  takes  place,  and  the  comparative  digestibility  of  various  kmc  s 

°f  The^same  person,  with  his  gastric  fistula  unchanged,  after  an  interval 
of  twenty-four  years,  came  under  the  observation  of  Prof.  Francis  G 
Smith,  of  the  University  of  Pennsylvania,  who  again  made  a senes  o 
important  experiments  of  a similar  nature,  confirming  and  ex  ending 
those  of  Dr.  Beaumont;  and  another  case,  in  a young  and  otherwise 
healthy  woman,  the  result  of  a local  inflammation  and  abscess  happened 
in  Germany  in  1854,  and  was  investigated  by  Prof.  C.  Schmidt. 

Since  Dr.  Beaumont’s  time  similar  experiments  have  been  frequently 
performed  by  means  of  gastric  Astute  artificially  established  upon  the 
lower  animals,  especially  upon  the  dog,  which  has  been  found .mo 
convenient  for  this  purpose;  the  result  of  examinations  conducted  by 
this  and  other  methods  being  that  the  gastric  juice  presents  the  same 
ISLES  characters  in  man  and  in  the  carnivorous  and  herbrvorous 

■ Experiments  and  Observations  upon  the  Gastric  Juice.  Boston,  1834. 
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animals.  The  simplest  and  most  effectual  mode  of  establishing  a gas- 
tric fistula  in  the  dog  is  the  following:  A longitudinal  incision,  about 
six  centimetres  in  length,  is  made  through  the  abdominal  parieteis  in  the 
median  line,  over  the  great  curvature  of  the  stomach.  The  anterior  wall 
of  the  organ  is  then  to  be  seized  with  a pair  of  hooked  forceps,  drawn 
out  at  the  external  wound,  and  opened  with  the  point  of  a bistoury.  A 
short  silver  canula  from  one  to  two  centimetres  in  diameter,  armed  at 
each  extremity  with  a narrow  projecting  rim  or  flange,  is  inserted  into 
the  wound  in  the  stomach,  the  edges  of  which  are  fastened  round  the 
tube  with  a ligature  in  order  to  prevent  the  escape  of  the  gastric  fluids 
into  the  peritoneal  cavity.  The  stomach  is  then  returned  to  its  place  in 
the  abdomen,  and  the  canula  allowed  to  remain  with  its  external  flange 
resting  upon  the  edges  of  the  wound  in  the  abdominal  integuments, 
which  are  to  be  drawn  together  by  sutures.  The  animal  may  be  kept 
perfectly  quiet,  during  the  operation,  by  the  administration  of  ether 
or  chloroform.  In  a few  days  the  ligatures  come  away,  the  wounded 
peritoneal  surfaces  unite  with  each  other,  and  the  canula  is  retained  in 
a permanent  gastric  fistula  ; being  prevented  by  its  flaring  extremities 
both  from  falling  out  of  the  abdomen  and  from  being  accidentally 
pushed  into  the  stomach.  It  is  closed  externally  by  a cork,  which  may 
be  withdrawn  at  pleasure,  and  the  contents  of  the  stomach  thus  obtained 
for  examination. 

Experiments  conducted  in  this  manner  confirm,  in  the  main,  the  results 
obtained  by  Dr.  Beaumont.  Their  results  are  even,  in  some  respects, 
more  satisfactory  than  those  obtained  from  the  human  subject ; since 
animals  are  more  completely  under  the  control  of  the  experimenter,  and 
all  sources  of  deception  or  mistake  are  thereby  avoided,  while  the  inves- 
tigation is,  at  the  same  time,  facilitated  by  the  simple  character  of  the 
food  administered. 

The  gastric  juice  obtained  by  this  method  is  a clear,  colorless,  or 
faintly  amber-colored  fluid,  of  a perfectly  watery  consistency  and  a dis- 
tinctly acid  reaction.  Its  specific  gravity  does  not  vary  much  from 
1010.  It  becomes  slightly  opalescent  on  boiling. 

The  following  is  the  composition  of  the  gastric  juice  of  the  dog, 
based  upon  a comparison  of  various  analyses  by  Lehmann,  Blondlot, 
Otto,  Bidder  and  Schmidt. 

Composition  of  Gastric  Juice. 


Water  . . . . • 975.00 

Free  acid 4.78 

Pepsine 15.00 

Sodium  chloride 1.70 

Potassium  “ 1.08 

Calcium  “ 0.20 

Ammonium  “ 0.65 

Lime  phosphate 1.48 

Magnesium  0.06 

Iron  “ 0.05 


1000  00 
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Prof.  C.  Schmidt1  found  the  gastric  juice  of  the  human  subject  similar 
in  constitution  to  the  above,  except  that  it  contained  a larger  propor- 
tion of  water  aud  a considerably  smaller  proportion  both  of  iree  acid 
and  pepsine,  as  well  as  of  solid  ingredients  generally.  1 rom  our  own 
repeated  observations  upon  the  dog,  there  is  no  doubt  that  both  the 
quantity  and  density  of  the  gastric  juice  vary,  within  certain  limits,  in 
different  individuals  even  of  the  same  species — the  proportion  ol  solid 
ingredients  being  less  when  the  secretion  is  more  abundant,  aud  gieatei 
when  the  secretion  is  in  small  quantity. 

The  most  striking  physical  property  of  the  gastric  juice  is  its  acid 
reaction,  which  is  always  strongly  marked,  and  by  which  it  is  distin- 
guished from  all  the  other  digestive  secretions  and  internal  fluids  ol  the 
body.  This  property,  as  indicated  in  the  foregoing  table,  depends  upou 
the  presence  in  the  secretion  of  a free  acid.  Notwithstanding  the 
numerous  investigations  which  have  been  directed  to  this  point,  it  is 
still  uncertain  whether  the  reaction  of  the  gastric  juice  be  due  to  fiee 
hydrochloric  or  free  lactic  acid ; each  of  these  two  substances  having 
been  found  by  different  observers.  Those  who  attribute  the  reaction  ol 
the  gastric  juice  to  hydrochloric  acid  (Prout,  Dunglison,  Enderlin, 
Bidder  and  Schmidt)  depend  upon  its  being  obtainable  by  distillation, 
and  more  especially  upon  a quantitative  determination  of  all  the  alka- 
line and  earthy  bases  contained  in  the  secretion,  and  an  estimate  of 
the  amount  of  hydrochloric  acid  necessary  to  saturate  these  bases , the 
hydrochloric  acid,  actually  obtainable,  being  found  to  be  more  than 
suflicient  to  unite  with  the  above  bases  in  neutral  combination.  On  the 
other  hand,  various  experimenters  (Lehmann,  Leuret,  Lassaigne,  I rancis 
Gf  Smith,  Bernard  and  Barreswil)  have  not  only  found  evidences  ol 
the  presence  of  free  lactic  acid  in  the  gastric  juice,  but  some  of  them 
have  also  shown3  that  during  distillation  the  concentrated  lactic  acid 
would  set  free  hydrochloric  acid  by  decomposition  of  the  alkaline  chlo- 
rides, although  uone  were  originally  present  in  the  fluid.  They  also 
point  out  that  the  addition  of  a small  quantity  of  oxalic  acid  to  the 
gastric  juice  produces  a precipitate  of  lime  oxalate,  while  no  such  pre- 
cipitation will  take  place  in  a fluid  containing  two  parts  per  thousand 
of  free  hydrochloric  acid.  It  is  certain,  however,  that  either  of  these 
acids  may  replace  that  which  naturally  exists  m the  gastric  juice  with- 
out essentially  impairing  its  digestive  properties.  

The  remaining  important  ingredient  of  the  gastric  juice  is  its  a b - 
minoid  matter,  known  under  the  name  of  pepsine  This  inbta^ 
not  precipitated  by  either  the  organic  or  the  mineral  acids,  but  is  tliiow  n 
down  by  the  action  of  heat  and  by  alcohol  in  excess.  It  may  also  be 
precipitated,  like  ptyaline,  from  its  watery  solution  acidulated  w 
dilute  phosphoric  acid,  by  the  addition  of  lime  water; the 
lime  phosphate  bringing  down  the  pepsine  entangled  w ith  it.  cp 

* Annalen  dcr  Ckemie  und  Pharmacie,  1854,  p.42. 

3 Bernard.  Logons  de  Pkysiologie  Exp6nmentale.  Pans,  1856,  p.  396. 
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is  not  affected  in  the  same  way,  however,  by  all  the  agents  which  cause 
its  coagulation.  After  precipitation  by  alcohol  or  by  lime  phosphate,  it 
is  unchanged  in  its  chemical  qualities,  and  may  be  again  dissolved  in 
water  without  losing  any  of  its  original  digestive  properties ; but  when 
coagulated  by  boiling,  it  is  permanently  altered  and  cannot  again  be 
brought  into  an  active  condition. 

Pepsine  may  also  be  precipitated  from  the  gastric  juice  by  contact 
with  the  bile.  If  ten  to  fifteen  drops  of  dog’s  bile  be  added  to  10  cubic 
centimetres  of  fresh  gastric  juice  from  the  same  animal,  a complete  pre- 
cipitation  takes  place ; so  that  the  whole  of  the  biliary  coloring  matter 
is  thrown  down  as  a deposit  and  the  filtered  fluid  is  found  to  have  lost 
its  digestive  power  although  it  still  retains  an  acid  reaction.  This  ex- 
plains the  disturbing  effect  upon  digestion  produced  by  a regurgitation 
of  bile  through  the  pylorus  into  the  stomach. 

Pepsine  may  be  extracted  from  the  fresh  mucous  membrane  of  the 
stomach  by  cutting  it  into  small  pieces  and  macerating  it  for  some  hours 
with  distilled  water.  The  filtered  fluid,  acidulated  with  dilute  hydro- 
chloric acid  until  it  presents  a similar  grade  of  acid  reaction  to  that  of 
the  fresh  gastric  juice,  is  found  to  possess  the  peculiar  digestive  proper- 
ties of  the  natural  secretion. 

These  digestive  properties  depend  accordingly  upon  the  presence  of 
both  the  pepsine  and  the  free  acid.  They  are  not  exhibited  by  a dilute 
acid  alone,  nor  by  a solution  of  pepsine  which  is  neutral  or  alkaline  in 
reaction.  The  pepsine,  which  acts  in  some  unexplained  manner,  like 
other  so  called  “ catalytic”  bodies,  requires,  as  a special  condition  of  its 
activity,  the  presence  of  a free  acid.  Accordingly,  the  fluids  of  the  sto- 
mach, even  though  they  contain  pepsine,  will  not  act  upon  the  food  unless 
they  have  also  an  acid  reaction.  If  the  fresh  gastric  j uice  be  neutralized 
by  the  addition  of  an  alkali,  it  loses  its  digestive  properties  as  soon  as 
the  point  of  neutralization  is  reached;  but  these  properties  may  be 
restored  by  again  acidulating  the  fluid.  For  this  purpose,  either  lactic 
or  hydrochloric  acids  may  be  used,  both  of  which  yield  very  active 
digestive  fluids  with  pepsine.  Dilute  sulphuric,  nitric,  and  acetic  acids, 
on  the  other  hand,  according  to  Lehmann,1  produce  a mixture  of  only 
slight  digestive  power  ; while  phosphoric,  oxalic,  and  tartaric  acids  are 
nearly  inert  in  this  respect.  If  the  gastric  juice,  again,  be  subjected  to 
a boiling  temperature,  it  is  found  to  have  lost  its  digestive  properties 
owing  to  the  chemical  alteration  of  its  pepsine,  notwithstanding  its  acid 
reaction  may  remain  the  same  as  before. 

The  characteristic  property  of  the  fresh  gastric  juice,  as  well  as  of 
acidulated  solutions  of  pepsine,  is  that  it  has  the  power  of  digesting  and 
dissolving  substances  of  an  albuminous  nature.  This  is  best  shown  by 
suspending  in  gastric  juice  pieces  of  coagulated  fibrine  and  keeping 
the  fluid  at  the  temperature  of  38°  (100°  F.).  The  fibrine  rapidly  swells 

1 Physiological  Chemistry.  Cavendish  Society  edition.  London,  1853,  vol.  ii. 
p.  58. 
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up,  becomes  transparent  and  gelatinous,  and  after  a time  dissolves. 
The  same  effect  is  produced,  though  more  slowly,  upon  hard-boiled  white 
of  egg.  The  solid  caseine  of  cheese  is  liquefied  and  the  oleaginous 
particles  set  free.  This  action  is  in  every  case  more  or  less  dependent 
upon  the  temperature.  It  is  entirely  suspended  at  or  near  the  freezing 
noint  but  becomes  more  and  more  active  with  the  increase  of  warmt  , 
and  is  most  energetic  from  35°  to  40°  (about  100°  F.).  Above  that 
point  its  activity  again  diminishes,  and  at  a boiling  temperature  it  is 
entirely  destroyed.  It  is  owing  to  the  influence  of  temperature  that 
digestion  is  more  slowly  performed  in  the  cold-blooded  reptiles  than  m 
the  warm-blooded  birds  and  quadrupeds.  This  difference  has  been 
shown  by  Schiff,1  who  made  acidulated  infusions  of  the  stomachs  of  two 
serpents,  and  placed  in  each  the  same  measured  quantity  of  coagulate 
albumen  : one  of  the  infusions  being  allowed  to  remain  at  a temperature 
varying  from  10°  to  lt°  (50°  to  62°  P.),  the  other  being  introduced,  m a 
closed  glass  tube,  into  the  stomach  of  a living  dog.  The  second  was 
found  to  have  digested  in  six  hours  as  much  albumen  as  the  first  at  t 

end  of  three  weeks.  . ..  .. 

The  changes  produced  in  solid  albuminous  matters  during  digestion 

by  gastric  juice  are  as  follows:  The  first  effect  is  a swelling  and  gela- 
tinization  of  the  substance  under  the  influence  of  the  free  acid.  This 
will  take  place  by  the  action  of  a dilute  acid  alone,  and  with  the  aid  of 
continuous  warmth  a part  of  the  substance  will  after  a time  even  b 
dissolved.  This  solution,  however,  is  not  a true  digestion  ol  the  alb 
minous  body.  It  has  merely  been  modified  in  such  a way  as  to  be 
soluble  in  an  acidulated  liquid,  and  it  may  be  again  precipitated  bj 
neutralizing  the  solution  by  means  of  an  alkali  or  an  alkaline  carbona  . 
This  modification  of  the  albuminous  matter,  however  by  tlie  acfaon  o 
the  free  acid,  seems  to  be  an  essential  preliminary  m the  digestive  act 
If  it  be  allowed  to  go  on  farther,  the  influence  of  the  pepsme  produces 
a more  important  change,  by  which  the  original  subs“  “ 
into  albuminose.  In  this  form  it  rs  no  longer  preciprtehle  by  nentral 
ization  of  the  fluid,  and  has  consequently  become  soluble  in  water  It 
is  not  coagulable  by  boiling,  either  in  a neutral,  acid,  or  alkaline  liqu  , 
and  it  is  not  precipitable  by  nitric  acid  or  by  potassium  ferrocyanide 
although  it  may  still  be  thrown  down  by  alcohol  m excess.  It  has  thus 

become  essentially  altered  in  its  chemical  relations. 

An  eauallv  or  even  more  important  change  has  also  taken  place  in 

its  physical  characters ; thatis.it  has  acquired  the .prj£»*o‘ 

***  . m oi  the  sub: 

mucosme,  and  the  like,  do  not  p ° .»  t n verv  slowly  and 

stance  of  an  annua,  'L^^te/com. 

in  small  quantity.  Alhuminose  on  the  contrary,  diffuses 

gM  £ — throng  membranous  partitions,  and  cmr  be 

. Lecous  snr  la  Physiologic  do  la  Digestion.  Paris,  HR,  tome  tt.  P-  19- 
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detected  by  its  ordinary  reactions  in  the  external  liquids.  It  is  thus 
suited  for  absorption  by  the  mucous  membrane  of  the  alimentary  canal. 

All  the  albuminous  matters,  -without  exception,  which  are  susceptible 
of  digestion,  whether  of  animal  or  vegetable  origin,  are  finally  converted 
by  the  action  of  the  gastric  juice  into  albuminose.  They  therefore  lose 
their  original  distinctive  properties,  and,  when  fully  prepared  for  absorp- 
tion into  the  bloodvessels,  are  all  reduced  to  the  condition  of  a single 
substance. 

A further  very  remarkable  peculiarity  of  the  gastric  juice  is  its  apti- 
tude for  resisting  putrefaction.  While  other  animal  fluids,  as  the  saliva, 
the  bile,  the  pancreatic  juice,  mucus  and  blood,  enter  into  putrefaction 
with  great  readiness,  the  gastric  juice  remains  when  exposed  to  the  air 
at  ordinary  temperatures  for  many  montlis  without  developing  any 
putrescent  odor  or  losing  its  characteristic  properties.  It  becomes 
somewhat  darker  in  color,  and  after  a time  deposits  a brownish  sediment 
upon  the  bottom  of  the  vessel,  but  it  still  retains  its  acid  reaction  and 
its  power  of  digesting  albuminous  matters.  Gastric  juice  will  even 
arrest  putrefactive  changes  when  they  have  already  begun  in  organic 
substances ; and  consequently  putrefaction  does  not  go  on  in  the  living 
stomach.  Dr.  Beaumont  preserved  some  fragments  of  meat  unaltered  for 
a month  in  gastric  juice,  while  other  portions  of  the  same  substances, 
kept  in  saliva,  were  putrefied  in  ten  days.  Spallanzain  found  in  the 
stomach  of  a viper  the  body  of  a lizard  which  had  remained  there  for 
sixteen  days  without  undergoing  any  putrefactive  alteration ; and  similar 
observations  have  been  made  by  other  physiologists. 

Mode  of  Secretion  of  the  Gastric  Juice — As  a rule,  the  gastric  juice 
is  not  a constant  but  an  occasional  secretion,  being  poured  out  only  when 
food  is  taken  into  the  stomach.  Dr.  Beaumont  found  it  to  be  entirely 
absent  during  the  intervals  of  digestion,  the  stomach  containing  at  that 
time  no  acid  watery  fluid,  but  only  a little  neutral  or  alkaline  mucus. 
He  was  able  to  obtain  a sufficient  quantity  of  gastric  juice  for  examina- 
tion, by  gently  irritating  the  mucous  membrane  with  a gum-elastic 
catheter,  or  the  end  of  a glass  rod,  and  by  collecting  the  secretion  as  it 
ran  in  drops  from  the  fistula;  and  on  the  introduction  of  food  he  found 
that  the  mucous  membrane  became  turgid  and  reddened,  a clear  acid  fluid 
collected  everywhere  in  drops  underneath  the  layer  of  mucus  lining  the 
walls  of  the  stomach,  and  was  soon  poured  out  abundantly  into  its 
cavity.  Prof.  F.  G.  Smith,  in  his  subsequent  observations  upon  Alexis 
St.  Martin,  also  found  the  fluids  obtained  from  the  empty  stomach 
invariably  neutral  in  reaction  ; while  during  digestion,  whatever  might 
be  the  nature  of  the  food,  they  were  always  acid.  Other  observers,  in 
experimenting  upon  the  dog,  have  found  more  or  less  acid  reaction 
always  present  at  the  surface  of  the  mucous  membrane.  According  to 
our  own  observations,  the  irritability  of  the  gastric  mucous  membrane, 
and  the  readiness  with  which  the  flow  of  gastric  juice  may  be  excited, 
varies  considerably  in  different  animals,  even  in  those  belonging  to  the 
same  species.  In  experimenting  with  gastric  fistuloe  on  different  dogs, 
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for  example,  we  have  found  in  one  instance,  like  Dr.  Beaumont,  that  the 
gastric  juice  was  always  entirely  absent  in  the  intervals  of  digestion; 
the  mucous  membrane  then  presenting  invariably  either  a neutral  or 
slightly  alkaline  reaction.  In  this  animal, which  was  a perfectly  healthy 
one,  the  secretion  could  not  be  excited  by  any  artificial  means,  such  as 
glass  rods,  metallic  catheters,  and  the  like  ; but  only  by  the  natural 
stimulus,  of  ingested  food.  Tough  and  indigestible  pieces  of  tendon, 
introduced  through  the  fistula,  were  expelled  again  in  a few  minutes,  one 
after  the  other,  without  exciting  the  flow  of  a single  drop  of  acid  fluid ; 
while  pieces  of  fresh  meat,  introduced  in  the  same  way,  produced  at 
once  an  abundant  supply.  In  other  instances,  on  the  contrary,  the 
introduction  of  metallic  catheters  or  glass  rods  into  the  empty  stomach 
has  produced  a scanty  flow  of  gastric  juice ; and  in  experimenting  upon 
dogs  that  have  been  kept  without  food  during  various  periods  of  time 
and  then  killed  by  section  of  the  medulla  oblongata,  we  have  usually, 
though  not  always,  found  the  gastric  mucous  membrane  to  present  a 
distinctly  acid  reaction,  even  after  an  abstinence  ot  six,  seven,  or  eight 
days.  There  is  at  no  time,  however,  under  these  circumstances,  any 
considerable  amount  of  fluid  present  in  the  stomach;  but  only  sufficient 
to  moisten  the  gastric  mucous  membrane,  and  give  it  an  acid  reaction. 

The  gastric  juice  which  is  obtained  by  irritating  the  stomach  with  a 
metallic  catheter  is  clear,  perfectly  colorless,  and  acid  in  reaction.  A 
sufficient  quantity  of  it  cannot  be  obtained  by  this  method  for  anj 
extended  experiments;  and  for  that  purpose,  the  animal  should  be  fed, 
after  a fast  of  twenty-four  hours,  with  fresh  lean  meat,  a little  hardened 
by  short  boiling,  in  order  to  coagulate  the  fluids  of  the  muscular  tissue, 
and  prevent  their  mixing  with  the  gastric  secretion.  No  effect  is  usually 
apparent  within  the  first  five  minutes  after  the  introduction  of  the  food. 
At  the  end  of  that  time  the  gastric  juice  begins  to  flow  ; at  first  slowly, 
and  in  drops.  It  is  at  first  perfectly  colorless,  but  soon  acquires  a 
slight  amber  tinge.  It  then  begins  to  flow  more  freely,  usually  in  drops, 
but  often  running  for  a few  seconds  in  a continuous  stream.  In  this 
way,  from  60  to  75  cubic  centimetres  may  be  collected  in  the  course  of 
fifteen  minutes.  Afterward  it  becomes  somewhat  turbid  with  the  debris 
of  the  food,  which  has  begun  to  be  disintegrated ; but  from  this  it  may 
be  readily  separated  by  filtration.  After  three  hours,  it  continues  to 
run  freely,  but  has  become  very  much  thickened,  and  even  grumous  in 
consistency,  from  the  abundant  admixture  of  alimentary  debris.  In  six 
hours  after  the  commencement  of  digestion  it  runs  less  freely,  and  in 
eight  hours  has  become  very  scanty,  though  it  continues  to  preseive  the 
same  physical  appearances  as  before.  It  ceases  to  flow  altogether  in 
from  nine  to  twelve  hours,  according  to  the  quantity  of  food  taken. 
For  purposes  of  examination,  the  fluid  drawn  during  the  first  fifteen 
minutes  after  feeding  should  be  collected,  and  at  once  separated  bv 
filtration  from  accidental  impurities.  Obtained  in  this  way  it  repre- 
sents, as  closely  as  possible,  the  normal  constitution  of  the  gastric  juice 
as  secreted  by  the  stomach  during  the  digestive  process. 
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Both  the  essential  constituents  of  the  gastric  juice,  namely,  the  pep- 
sine  and  the  free  acid,  are  produced  by  the  glandular  mucous  membrane 
of  the  stomach.  It  would  appear,  however,  that  the  mode  of  their 
production  is  somewhat  different.  Pepsine  is  an  albuminoid  substance 
formed  by  the  nutritive  process  in  the  glands  themselves.  It  probably 
accumulates  in  the  intervals  of  digestion,  and  may  therefore  be  extracted 
from  the  substance  of  the  mucous  membrane  in  the  manner  already  de- 
scribed. On  the  other  hand,  the  free  acid  appears  in  quantity  only  at 
the  time  of  digestion,  and  is  poured  out  with  the  watery  constituents 
of  the  secretion.  There  is  evidence,  however,  that  the  acid  is  not  imme- 
diately formed  by  the  glandular  cells,  but  is  produced  by  a subsequent, 
though  very  rapid,  change  after  the  fluid  has  been  secreted.  1 he  acid 
reaction  of  the  gastric  fluids  is  never  strongly  pronounced  in  the  deeper 
and  middle  parts  of  the  mucous  membrane,  but  only  upon  its  free  sur- 
face. This  was  shown  by  Bernard,1  who  injected  into  the  jugular  vein 
of  a rabbit  two  successive  solutions,  one  of  iron  lactate,  the  other  of 
potassium  ferrocyanide.  These  two  salts  would  remain  unaltered  in 
neutral  or  alkaline  fluids,  but  in  the  presence  of  a free  acid  would  unite 
to  form  Prussian  blue  (iron  ferrocyanide).  On  killing  the  animal  three- 
quarters  of  an  hour  afterward,  no  blue  coloration  was  found  anywhere 
excepting  in  the  stomach ; and  in  this  organ  it  was  confined  to  the  free 
surface  of  the  mucous  membrane,  not  being  perceptible  in  the  substance 
of  the  glands.  As  the  two  salts  must  have  both  exuded  from  the  blood- 
vessels of  the  mucous  membrane,  it  is  evident  that  it  was  only  at  or 
near  its  upper  surface  that  they  met  with  a sufficient  quantity  of  free 
acid  to  cause  their  combination.  According  to  Dr.  Lauder  Brunton,2 
moreover,  a horizontal  section  through  the  lower  part  of  the  gastric 
glands  of  the  pigeon,  if  tested  by  litmus  paper,  will  be  found  to  have  a 
neutral  or  extremely  weak  acid  reaction,  while  the  inner  surface  of  the 
stomach  presents  a strongly  marked  acidity.  At  the  same  time,  the 
deeper  parts  of  the  mucous  membrane  contain  pepsine  in  sufficient 
quantity  to  form  a digestive  fluid,  if  extracted  and  acidulated  in  the 
usual  way.  Finally,  the  free  acid  continues  to  be  formed  during  a certain 
time  after  death;  for  it  has  been  found  that  if  the  fresh  gastric  mucous 
membrane  of  a rabbit  or  a pig  be  cut  in  small  pieces  and  washed  with 
distilled  water  until  all  trace  of  acidity  is  removed,  it  will  again  acquire 
an  acid  reaction  after  being  left  to  itself  for  some  hours.  The  materials 
of  the  free  acid  of  the  gastric  juice  are  therefore  furnished  during  life 
by  the  alkaline  fluids  of  the  circulating  blood;  but  the  acid  itself  origi- 
nates subsequently  by  some  change  taking  place  in  the  products  of 
exudation. 

Self -digestion  of  the  Stomach  after  Death. — Notwithstanding  that  the 
gastric  juice  has  the  power,  at  the  temperature  of  the  living  body,  of 
digesting  all  soft  tissues  composed  of  albuminous  matter,  yet  owing  to 

1 Liquifies  de  1’Organisme.  Paris,  1859,  tom.  ii.  p.  375. 

2 Handbook  for  the  Physiological  Laboratory.  Philadelphia,  1873,  p.  491. 
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the  mode  of  its  production  it  does  not  attack  the  walls  of  the  stomach 
itself.  As  the  pepsine  alone  accumulates  in  any  considerable  quantity 
in  the  gastric  follicles,  while  the  acid  ingredient  appears  abundantly  only 
at  the  time  of  digestion,  no  dissolving  action  can  be  manifested  while 
the  organ  is  empty  of  food.  It  has  already  been  seen,  furthermore,  that 
during  the  active  secretion  of  the  gastric  juice,  its  free  acid  is  formed  by 
some  modification  in  the  exuded  fluids,  so  that  it  is  distinctly  perceptible 
only  in  the  fluids  on  the  free  surface  and  in  the  cavity  of  the  stomach. 
In  the  substance  of  the  mucous  membrane,  the  acid  fluid,  even  if  ab- 
sorbed, could  not  exert  its  solvent  action,  since  it  must  be  at  once  neu- 
tralized by  the  alkaline  plasma  of  the  circulating  blood. 

Even  after  death  the  gastric  mucous  membrane  usually  remains  nearly 
intact,  because,  as  a general  rule,  digestion  has  been  at  least  partially 
suspended  during  the  last  hours  of  life,  and  the  stomach  accordingly 
contains  little  or  no  gastric  juice.  Still  it  is  rare,  in  the  human  subject, 
to  make  an  examination  of  the  body  twenty-four  or  thirty-six  hours 
after  death,  without  finding  the  mucous  membrane  in  the  great  pouch 
of  the  stomach  more  or  less  softened  and  altered  in  its  appearance  from 
this  cause.  Sometimes,  when  death  takes  place  suddenly,  by  i io  ence 
or  accident,  in  a healthy  person,  soon  after  the  ingestion  of  food, 
and  when  the  body  has  been  protected  against  rapid  cooling,  the  accu- 
mulated gastric  juice  acts  powerfully  upon  the  walls  of  the  stomach  as 
well  as  upon  the  food  which  it  contains.  Owing  to  the  stoppage  o 
the  circulation,  the  local  alkalescence  of  the  fluids  is  no  longer  main- 
tained, and  the  increasing  quantity  of  free  acid  at  as  pieponceia 
over  the  blood  remaining  in  the  capillary  vessels  The  mucous  mem- 
brane  becomes  imbibed  with  an  active  digestive  fluid,  and  m the  com  e 
of  ten  or  twelve  hours  may  be  thoroughly  softened  and  disintegrated, 
exposing  the  submucous  layer  of  connective  tissue  ; and ^ 
the  coats  o,  the  organ  hare  been 

^^^"ta^c^^^ayai^e^coa, 

of  the  stomach  without  difficulty ; while  during  ^and'  e^clt 

tiou  going  on  in  the  tissues  protect  them  from  its  tnfluence,  and  effeetu 

secreted  during  a given  time,  like  tha  Q jn  many  instances, 

according  to  the  condition  of  the  absent  during  the  intervals  of 

as  we  have  already  seen  it  is  ™ ^ the  stimulus  of  recently 

digestion,  and  is  poured  out  m abunclanc  daily  quantity  is 

introduced  food.  An  exact  es  nna  e t that  if  tbe  secretion  be 

difficult  for  several  reasons  : Fn .st,  i -t  m(jmbrane  with  in_ 

excited  by  artificial  irritation  of  the  g .g  not  so  abundant  as 

soluble  glass  or  metallic  substances,  its  q • 5 Secondly,  if  excited 

.hen  produced  by  the  neeessaidly  absorbed 

by  the  introduction  of  food  a pa  cannot  be  collected  for 

by  the  alimentary  material,  and  consequent  j 
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measurement ; and  thirdly,  if  we  measure  the  quantity  obtainable  by 
either  of  these  means  during  a short  period,  it  does  not  iollow  that  it 
would  continue  to  be  secreted  at  the  same  rate  during  the  remainder  oi 
the  twenty-four  hours,  because  the  rapidity  of  its  production  is  so  much 
influenced  by  the  condition  of  the  digestive  process.  Neither  can  we 
draw  from  an  animal  with  a stomach  fistula  all  the  gastric  juice  which 
will  flow  during  twenty-four  hours,  and  consider  that  as  representing 
the  normal  daily  quantity;  because  we  should  then  be  drawing  away  a 
quantity  of  secreted  fluid  which  in  the  natural  condition  is  retained  in 
the  alimentary  canal  and  reabsorbed  by  the  bloodvessels.  Its  supply 
would  therefore  be  necessarily  diminished  by  the  continuous  loss  of 
fluids  from  the  system.  Notwithstanding  these  difficulties,  however,  a 
sufficient  number  of  facts  have  been  observed  to  show  that  the  usual 
daily  secretion  of  the  gastric  juice  is  undoubtedly  far  more  abundant 
than  that  of  the  other  digestive  fluids.  Dr.  Beaumont  was  able  to  ob- 
tain from  the  stomach  of  St.  Martin,  simply  by  the  introduction  of  a 
gum-elastic  catheter,  44  grammes  of  gastric  juice  in  the  course  of  fifteen 
minutes.  We  have  often  collected  from  a medium-sized  dog,  under  the 
stimulus  of  commencing  digestion,  from  60  to  15  grammes  in  the  same 
time.  Bidder  and  Schmidt  found  that,  in  a dog  weighing  about  15.5 
kilogrammes,  they  were  able  to  obtain,  by  separate  experiments,  con- 
suming in  all  twelve  hours,  193  grammes  of  gastric  juice.  If  these 
separate  experiments,  therefore,  as  is  probable,  indicate  the  average 
rate  of  its  production  at  differents  parts  of  the  day,  the  entire  quantity 
for  twenty-four  hours,  in  an  animal  of  that  size,  would  be  1586  grammes ; 
or  about  100  grammes  for  every  kilogramme  in  weight  of  the  body 
of  the  animal.  By  applying  this  calculation  to  a man  of  ordinary  size 
the  authors  estimate  the  average  daily  quantity  of  gastric  juice  in 
the  human  subject  as  about  6500  grammes.  It  is,  however,  quite 
unsafe  to  estimate  the  quantity  of  this  secretion  as  necessarily  in  pro- 
portion to  the  weight  of  the  body.  It  is  probably  more  strictly  in 
proportion  to  the  quantity  of  food  which  it  is  its  function  to  digest ; and 
the  dog  habitually  consumes  a much  larger  quantity  of  animal  food,  in 
proportion  to  his  size,  than  a man.  Schmidt,  in  the  series  of  observa- 
tions already  quoted,1  performed  upon  a woman  with  accidental  gastric 
fistula,  whose  weight  was  only  53  kilogrammes,  obtained,  as  the  mean 
result  of  several  observations,  580  grammes  of  gastric  juice  from  the 
fistula  in  the  course  of  an  hour.  In  this  case,  however,  the  secretion 
was  much  poorer  in  its  characteristic  ingredients  than  that  usually 
obtained  from  the  dog,  and  was  also  much  inferior  in  digestive  power. 

Another  method  which  has  been  adopted  for  estimating  the  quantity 
of  the  gastric  juice  is  to  ascertain  the  amount  capable  of  digesting  the 
quantity  of  albuminous  food  required  per  day.  According  to  the  experi- 
ments of  Lehmann,2  one  gramme  of  coagulated  albumen,  calculated  as 

1 Annalen  der  Chemie  und  Pharmacie,  1854,  Band  xcii.  p.  42. 

2 Physiological  Chemistry.  London,  1853,  vol.  ii.  p.  53. 
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clry,  requires  for  its  solution  20  grammes  of  gastric  juice.  As  the  aver- 
age daily  consumption  of  albuminous  matter  in  man  is  130  grammes, 
this  would  accordingly  require  in  him  the  secretion  of  2000  grammes 
of  gastric  juice  per  day.  Our  own  observations  on  the  digestibility  oi 
fresh  meat  make  the  daily  requirement  still  higher.  A weighed  quantity 
of  fresh  lean  meat,  containing  18  per  cent,  of  water  and  22  per  cent,  of 
solid  ingredients,  was  cut  into  small  pieces,  and  digested  for  ten  horns, 
with  frequent  agitation,  in  a measured  quantity  of  fresh  gastric  juice  at 
the  temperature  of  38°  (100°  F.).  At  the  end  of  that  time,  the  liquefied 
portions  were  filtered  away,  the  residue  evaporated  to  dryness,  and  the 
quantity  of  fresh  meat  remaining  undissolved  thus  calculated  from  the 
percentage  of  its  solid  ingredients.  In  this  way  it  was  found  that  one 
gramme  of  meat  had  been  liquefied  by  13.5  grammes  of  the  digestive 
fluid;  and  accordingly  the  453  grammes  of  meat  consumed  by  a man 
in  twenty-four  hours  would  require  for  complete  solution  a little  over 
6000  grammes  of  gastric  juice.  This  agrees  very  nearly  with  the  esti- 
mate of  Bidder  and  Schmidt  given  above.  If  the  gastric  juice  were  the 
only  digestive  fluid  which  acts  on  the  food,  we  could  rely  fully  on  the 
foregoing  estimate.  But  below  the  stomach  other  secretions  also  take 
part  in  the  digestive  process;  and  it  is  possible  that  some  of  them, 
especially  the  pancreatic  juice,  have  also  a certain  amount  of  action 
upon  albuminous  matters,  and  may  facilitate  considerably  their  solu- 
tion in  the  intestine.  For  the  partial  solution  of  meat,  the  disintegra- 
tion of  its  fibres,  and  its  reduction  to  a soft,  grumous,  liquid  or  semi- 
liquid consistency,  Dr.  Beaumont  found  a much  smaller  quantity  of 
gastric  juice  to  be  sufficient.  In  one  experiment  1 gramme  of  cooked 
meat  was  completely  disintegrated  in  this  way  by  2.5  gimmes,  and  m 
another  by  1.83  grammes  of  gastric  juice.  Its  entue  solution 

course  have  required  a larger  quantity.  . . a 

These  data  are  accordingly  insufficient  for  determining  e pie 
quantity  of  the  secretion  required  for  the  digestive  process  Bu  if  we 
allow  sufficient  weight  to  all  the  observations  on  this  Bubject,  it  is  - 
dent  that  the  gastric  juice  is  very  abundant ; and  it  would  not , be  . 
extravagant  calculation  to  estimate  its  quantity  as  at  least  3000  giamm 

Pe^«o gical  Action  of  the  Gastric  *te.-From  the ^properties t ot 
the  gastric  juice  already  ascertained,  it  is  seen  to  have  an  ene.ge to 
action  upon  the  albuminous  ingredients  of  the  food.  As  bu .few  of  the 
alimentary  substances,  however,  habitually  taken  by  ei  i ■ 
animals,  consist  solely  of  albuminous  matter  the 
aetully  undergo  in  the  stomach  become  a subject  fo 

^The 'first  effect  of  the  introduction  of  food  into  the  stomach,  according 
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of  the  stomach,  which  is  accomplished  by  the  alternate  contraction  and 
relaxation  of  the  longitudinal  and  circular  fibres  of  its  muscular  coat. 
The  motion  is  minutely  described  by  Dr.  Beaumont,  who  examined  it, 
both  by  watching  the  movements  of  the  food  through  the  gastric  fistula, 
and  also  by  introducing  into  the  stomach  the  bulb  and  stem  of  a ther- 
mometer. According  to  his  observations,  when  the  food  first  passes 
into  the  stomach,  and  the  secretion  of  the  gastric  juice  commences,  the 
muscular  coat,  which  was  before  quiescent,  is  excited  and  begins  to 
contract  actively.  The  contraction  takes  place  in  such  a manner  that 
the  food,  after  entering  the  cardiac  orifice  of  the  stomach,  is  first  car- 
ried to  the  left  into  the  great  pouch  of  the  organ,  thence  downward  and 
along  the  great  curvature  to  the  pyloric  portion.  At  a short  distance 
from  the  pylorus,  Dr.  B.  often  found  a circular  constriction  of  the  gastric 
parietes,  by  which  the  bulb  of  the  thermometer  was  gently  grasped  and 
drawn  toward  the  pylorus,  at  the  same  time  giving  a twisting  motion 
to  the  stem  of  the  instrument,  by  which  it  was  rotated  in  his  fingers. 
In  a moment  or  two,  this  constriction  was  relaxed,  and  the  bulb  of 
the  thermometer  again  released  and  carried,  together  with  the  food, 
along  the  small  curvature  of  the  organ  to  its  cardiac  extremity.  This 
circuit  was  repeated  so  long  as  any  food  remained  in  the  stomach ; 
but,  as  the  liquefied  portions  were  successively  removed  toward  the  end 
of  digestion,  it  became  less  active,  and  at  last  ceased  altogether  when 
the  stomach  had  become  completely  empty,  and  the  organ  returned  to 
its  ordinary  quiescent  condition. 

It  is  easy  to  observe  the  muscular  action  of  the  stomach  during  diges- 
tion in  the  dog,  by  the  assistance  of  a gastric  fistula,  artificially  estab- 
lished. If  a metallic  catheter  be  introduced  through  the  fistula  when 
the  stomach  is  empty,  it  must  usually  be  held  carefully  in  place,  or  it 
will  fall  out  by  its  own  weight.  But  immediately  upon  the  introduction 
of  food,  it  can  be  felt  that  the  catheter  is  grasped  and  retained  with 
some  force,  by  the  contraction  of  the  muscular  coat.  A twisting  or 
rotatory  motion  of  its  extremity  may  also  be  frequently  observed,  similar 
to  that  described  by  Dr.  Beaumont.  This  peristaltic  action  of  the 
stomach,  however,  is  a gentle  one,  and  not  at  all  active  or  violent  in 
character.  We  have  never  seen,  in  opening  the  abdomen,  any  such 
energetic  or  extensive  contractions  of  the  stomach,  even  when  full  of 
food,  as  may  be  easily  excited  in  the  small  intestine  by  the  mere  con- 
tact of  the  atmosphere,  or  by  pinching  with  the  blades  of  a forceps. 
This  difference  in  activity  between  the  peristaltic  movement  of  the 
stomach  and  that  of  the  intestine  corresponds  to  the  difference  in  its 
object  and  result.  In  the  intestine  the  peristaltic  action  carries  the 
semifluid  contents  of  the  alimentary  canal  continuously  from  above 
downward;  in  the  stomach  it  produces  a kneading  effect  upon  the  mas- 
ticated food,  and  mixes  it  intimately  with  the  gastric  juice.  This  action 
of  the  stomach,  accordingly,  though  quite  gentle,  is  sufficient  to  pro- 
duce a constant  churning  movement  of  the  food,  by  which  it  is  carried 
hack  and  forward  to  every  part  of  the  stomach,  and  incorporated  with 
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the  gastric  juice,  which  is  at  the  same  time  poured  out  by  the  mucous 
membrane ; so  that  the  digestive  fluid  is  made  to  penetrate  equally 
every  part  of  the  alimentary  mass,  and  the  digestion  ol  all  its  albu- 
minous ingredients  goes  on  simultaneously.  This  movement  of  the 
stomach  is  one  which  cannot  be  completely  imitated  in  experiments  on 
artificial  digestion  with  gastric  juice  in  test-tubes  ; and  consequently  the 
process,  under  these  circumstances,  is  never  so  rapid  as  when  it  takes 

place  in  the  interior  of  the  stomach.  > . . 

The  result  of  the  action  of  the  gastric  juice,  thus  incorporated  in  the 

stomach  with  the  alimentary  matters,  is  that  they  are  dlsmtJrat^Jy 
the  softening  and  liquefaction  of  their  albuminous  ingredients  Biead 
tonsil  mainly  of  Minted  stanch,  entangled  and  mcorpova ed  w,th 
the  semi-solid  gluten.  By  digestion  m the  stomach,  the  gluten  is  di- 
gested and  liquefied  by  its  conversion  into  albummose,  the  starch  being 
thus  set  free,  and  the  whole  reduced  to  a diffluent  condition.  The  same 
effect  can  be  seen  when  bread  is  subjected  to  the  action  of  gastric  juice 
in  a test-tube,  the  gluten  passing  into  the  condition  of  liquid  albummose, 
while  a deposit  of  unaltered  starch  settles  at  the  bottom.  Cheese,  con- 
ffls  n "of  coagulated  caseine  and  milk  globules,  undergoes  an  analogous 
W°e.  Its  caseine  is  liquefied  by  digestion,  while  its  derated  fat 
globules  rise  to  the  upper  part  of  the  fluid,  forming  a creamy-lookmg 
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soon  aftm  “““  obserTation,  either  by  artificial  digestion  of 

and  it  is  easy  to  \e  y ooening  the  stomach  of  an  animal 

adipose  tissue  in  gastric  juice,  01  by  1 g 
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tion.  The  connective  the  fibres  themselves  thus 

yields  to  the  action  of  the  gastim  ^ ^ & y mixture  of  minute 

become  separated  fiom  ea  , t The  substance  of  the 

and  almost  microscopic  threads  break  up  into 

muscular  fibres  then  ^ by  the  microscope,  are  found  to 

shorter  fragments,  and,  transverse  striations.  If  the  food 

have  lost  the  distmetnes  taken  into  the  stomach, 

have  been  thoroughly  masked  beirn  ^ 8^^  ^ mas,  If, 

this  change  goes  on  rapid  without  much  mastication,  or  if 

as  in  the  dog,  the  meat  gastric  juice,  the  action 

portions  be  suspended  in  a inward.  The  external  parts  of  the 

progresses  regulariy  from  "i  ^ decoiorized,  and  become  covered 
muscular  tissue  are  first  consistency,  containing  the  isolated 

with  a grayish  lajei,  o & rnuscular  fibre.  As  these  poi- 

end  partially  destroyed  fragments  of  muscular 
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tions  arc  removed  by  the  peristaltic  movements  of  the  stomach,  the 
digestive  action  extends  to  the  parts  underneath,  and  so  on  until  the 
whole  has  been  reduced  to  a uniform  mixture,  of  a thiekish  gruelly  con- 
sistency, in  which  the  distinctive  elements  of  the  tissue  are  no  longer 
recognizable  by  the  eye,  and  in  which  the  remnants  of  the  muscular 
fibres  can  only  be  detected  by  the  microscope.  It  is  this  apparently 
homogeneous,  pultaceous  or  gruelly  semi-fluid  material  that  was  formerly 
designated  by  the  name  of  “ Chyme.”  It  is  evidently  nothing  more 
than  a mixture  of  the  disintegrated  remnants  of  the  digested  tissues, 
portions  of  which  have  been  completely  liquefied  while  others  are  not 
yet  reduced  to  a state  of  solution. 

When  milk  is  taken  into  the  stomach  in  a fresh  condition,  its  caseine 
is  at  first  coagulated,  afterward  dissolved.  The  preliminary  coagula- 
tion, which  is  due  to  the  action  of  the  pepsine  and  dilute  acid,  takes 
place  very  rapidly.  Dr.  Beaumont  found  that  milk  could  be  withdrawn 
in  a coagulated  condition  in  fifteen  minutes  after  its  introduction  into 
the  stomach ; and  that  if  the  mixture  were  kept  at  the  temperature  of 
38°  (100°  F.),  the  coagula  were  again  liquefied  in  the  course  of  eight 
hours.  The  coagulation  of  milk,  thus  produced  by  its  first  contact 
with  the  gastric  juice  is,  however,  no  obstacle  to  its  subsequent  diges- 
tion. The  caseine  does  not  form  a solid  uniform  clot,  but  is  thrown 
down  in  the  form  of  minute  flocculi,  of  soft  consistency,  which  are 
constantly  bathed  by  the  digestive  fluids,  and  at  the  temperature  of  the 
living  body  undergo  readily  the  conversion  into  albuminose.  As  it  is 
this  chemical  change  which  constitutes  the  real  process  of  digestion, 
the  preliminary  coagulation  of  the  caseine  does  not  interfere  with  its 
accomplishment.  Milk,  furthermore,  as  used  by  adults,  is  to  a large 
extent  incorporated,  in  the  coagulated  form,  with  other  solid  or  semi- 
solid articles  of  food. 

The  substance  of  vegetable  tissues , as  a rule,  is  digested  in  a similar 
manner  to  that  described  above.  The  albuminous  matters  are  dissolved 
out,  leaving  the  starchy  or  oleaginous  ingredients  in  a free  condition, 
but  chemically  unchanged.  As  these  tissues  generally  contain  a much 
smaller  proportion  of  albuminous  matter  than  most  kinds  of  animal 
food,  their  disintegration  is  the  main  result  of  the  changes  which  they 
undergo  in  the  stomach. 

The  gastric  juice,  together  with  the  disintegrated  debris  of  the  food, 
aftei  commencing  its  action  in  the  stomach,  passes  into  the  upper  pai't 
of  the  intestine.  This  can  be  seen  readily  in  the  dog  by  killing  the 
animal  after  feeding,  and  examining  the  contents  of  the  intestine. ° We 
have  observed  the  same  thing  by  establishing,  in  the  clog,  an  artificial 
duodenal  fistula,  by  means  of  an  operation  similar  to  that  for  producing 
a permanent  fistula  of  the  stomach.  A silver  tube,  armed  at  each 
end  with  narrow  projecting  flanges,  is  introduced  into  the  lower  part 
of  the  duodenum,  and  the  wound  allowed  to  heal,  after  which  the 
contents  of  the  intestine  may  be  withdrawn  at  will,  and  subjected  to 
examination  at  different  periods  during  digestion. 
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By  examining  in  this  way,  from  time  to  time,  the  intestinal  fluids,  it 
becomes  manifest  that  the  action  of  the  gastric  juice,  in  the  digestion 
of  albuminous  substances,  is  not  confined  to  the  stomach  but  con- 
tinues after  the  food  has  passed  into  the  intestine.  About  hall  an 
hour  after  the  ingestion  of  a meal,  the  gastric  juice  begins  to  pass  into 
the  duodenum,  where  it  may  be  recognized  by  its  strongly-maiked 
acidity,  and  by  its  peculiar  action,  already  described,  in  mteiiei  g 
Trommer’s  test  for  glucose.  It  has  accordingly  already  dissolved  some 
of  the  ingredients  of  the  food,  and  contains  a certain  quantity  o 
albuminose  in  solution.  It  soon  afterward,  as  it  continues  to  pas. 
into  the  duodenum,  becomes  mingled  with  the  debris  of  musculai 
fibres,  fat  vesicles,  and  oil  drops  ; substances  which  aie  easily  ec 
nizable  under  the  microscope,  and  which  produce  a grayish  turbidity 
“ the  fluid  withdrawn  from  the  fistula.  By  the  continuous  passage, 

“ this  way,  of  the  alimentary  materia.,  mixed  with  gastne  juice 
through  the  pylorus  into  the  intestine,  the  stomaeh  becomes  gradually 
IS  Of  its  contents.  According  to  Dr.  Beaumont  the  time  required 
for  the  entire  disappearance  of  food  from  the  stomach  varies  from  one 
tur  to  five  hours  L a half,  according  to  the  quality  and  quantity  of 
the  material  used.  In  the  experiments  of  Prof.  Francis  G.  Smith  upon 
the  same  subject,  food  seldom  remained  in  the  stomach  more  than  tuo 
hours  after  its  introduction.  Three  hours  is  probably  sufficient  as  a 
rule  for  the  completion  of  stomach  digestion,  m the  human  subject 

r ‘hiinis.hewr  :d  zsrrf  - 

requires  from  nine  to  twelve  hours  for  its  complete  liquefaction  and 

juice,  fifter^hardng'  accomplished  its  work  in  the  digestion 

f the  food  is  reabsorbed  from  the  alimentary  canal  and  taken  up  y 
of  the  food, . ^ ‘ ™ formg  a vehicle  for  the  dissolved  nutritious 

-r- 1 t-rr  si 

blood,  at  any  one  time,  of  only - " “s  not  accumulate  iu  the 

investigatmu ^shows  “emUe  amouut  during  digestion;  hut  that  it  is 
stomach  to  any  consioe  food  remains  undissolved;  each  por- 

gradually  secreted  so  lo  g of  by  reabsorption  together 

t,on,  as  it  is  D « accordingly,  during  digestion,  a con- 

Slr  STi  festive  fluids  from  the  bloodvessels  to 
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the  alimentary  canal,  and  from  the  alimentary  canal  back  again  to  the 
bloodvessels. 

That  this  circulation  really  takes  place  is  shown  by  the  following 
facts : First,  if  a dog  be  killed  some  hours  after  feeding,  there  is  never 
more  than  a very  small  quantity  of  fluid  found  in  the  stomach,  just  suf- 
ficient to  smear  over  and  penetrate  the  half  digested  pieces  of  meat ; and 
secondty,  in  the  living  animal,  gastric  juice,  drawn  from  the  fistula  five 
or  six  hours  after  digestion  has  been  going  on,  contains  little  or  no  more 
albuminous  matter  in  solution  than  that  extracted  fifteen  to  thirty 
minutes  after  the  introduction  of  food.  It  has  evidently  been  freshly 
secreted ; and,  in  order  to  obtain  gastric  juice  saturated  with  alimentary 
matter,  it  must  be  artificially  digested  with  food  in  test-tubes,  where 
this  constant  absorption  and  renovation  cannot  take  place. 

The  secretion  of  the  gastric  juice  is  much  influenced  by  nervous  condi- 
tions. It  was  noticed  by  Dr.  Beaumont,  in  his  experiments  upon  St. 
Martin,  that  irritation  of  the  temper,  and  other  moral  causes,  would  fre- 
quently diminish  or  altogether  suspend  the  supply  of  the  gastric  fluids. 
Any  febrile  action  in  the  system,  or  any  unusual  fatigue,  was  liable  to 
exert  a similar  effect.  Every  one  is  aware  how  readily  any  mental  dis- 
turbance, such  as  anxiety,  anger,  or  vexation,  will  take  away  the  appe- 
tite and  interfere  with  digestion.  Any  nervous  impression  of  this  kind, 
occurring  at  the  commencement  of  digestion,  seems  moreover  to  pro- 
duce some  change  which  has  a lasting  effect  upon  the  process ; for  it  is 
often  noticed  that  when  any  annoyance,  hurry,  or  anxiety  occurs  soon 
after  the  food  has  been  taken,  though  it  may  last  only  for  a few  moments, 
the  digestive  process  is  not  only  liable  to  be  suspended  for  the  time, 
but  to  be  permanently  disturbed  during  the  entire  day.  In  order  that 
digestion,  therefore,  may  go  on  properly  in  the  stomach,  food  must  be 
taken  only  when  the  appetite  demands  it;  it  should  be  thoroughly 
masticated  at  the  outset ; and,  finally,  both  mind  and  body,  particularly 
during  the  commencement  of  the  process,  should  be  free  from  any 
unusual  or  disagreeable  excitement. 

The  Pancreatic  Juice  and  its  Action  upon  the  Food. 

The  pancreas,  which  is  a lobulated  gland,  similar  in  its  general  struc- 
ture to  the  salivary  glands,  lies  across  the  upper  part  of  the  abdo- 
men in  such  a manner  that  its  larger  or  right-hand  extremity  is  in 
contact  with  the  duodenum.  It  is  traversed  in  its  longitudinal  direction 
by  its  main  excretory  duct,  which  receives,  as  it  passes  from  left  to  right, 
the  lateral  branches  coming  from  the  glandular  lobules,  and  finally,  in 
the  human  subject,  opens  into  the  cavity  of  the  duodenum,  closely 
adjacent  to  the  situation  of  the  common  biliary  duct,  at  about  ten  centi- 
metres below  the  pyloric  orifice  of  the  stomach.  Its  secretion  thus 
enters  the  intestine,  and  mingles  with  the  substances  undergoing  diges- 
tion, almost  immediately  after  they  have  passed  from  the  stomach  into 
the  duodenum. 

The  arrangement  of  the  gland  and  its  duct  is  similar  to  the  above,  in 
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th  each  other 

>ening  into  the  fntestme  sometvmes  ^ov  peculiarity  in  the 

tuation  of  the  principal  one.  , tj ie  pancreatic  duct 

•rangement  of  the  parts  is  seen  in  the  rabbit,  wl^G  the  pa  ^ 

single,  hut  opens  into  the  intestine  at  a distance 
intimetres  below  the  orifice  of  the  biliary  due s • from  the 

The  pancreatic  juice  ^ enTuring  the  act  of  digestion,  and 

ving  animal  by  opening  the  a e pancreatie  duct,  immediately 

lsei'tmg  a silver  cam  , The  canula  being  secured  in  its 

efore  its  entrance  into  the  intestine  parts  are  veturned 

osition  by  a ligature  placed  ^ w0’md  ci0Sed  with  sutures, 

nto  the  abdominal  cavity,  and  t , ‘ iecting  between  its  edges, 

eaving  the  open  extremity  of  the  can  P may  be  collected 

Che  secretion  is  thus  diver  ec  10™  camda.  This  operation  has  been 
or  examination  as  it  flows  from  ‘ the  rabbit,  the  ox, 

lone  most  frequently  upon  the  dog,  but  also  upon 


its  essential  particulars,  in  most  of  the  lower  animals.  In  the  dog  and 
cat  there  are  two  ducts  opening  into  the  intestine,  one  of  them  in  juxta- 
position  with  the  orifice  of  the  biliary  duct,  the  other  from  one  to  three 
centimetres  farther  down.  The  lower  of  these  ducts  .3  usually,  though 
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the  sheep,  the  goat,  the  pig,  and  the  goose.  The  secretion  has  also  been 
obtained  from  the  horse,  by  opening  the  duodenum  and  inserting  the 
canula  into  the  natural  orifice  of  the  pancreatic  duct. 

Under  these  circumstances,  the  fistula  produced  is  only  a temporary 
one;  since  the  ligature  soon  cuts  its  way  through  the  duct  by  ulcera- 
tion, when  the  canula  falls  out  and  the  wound  closes  spontaneously, 
the  natural  communication  of  the  duct  with  the  intestine  being  at  the 
same  time  re-established.  Even  in  the  ox,  Colin  found  that  the  canula 
became  displaced  within  six  or  eight  days  after  the  operation ; and  in 
the  dog,  according  to  Bernard,  the  same-  thing  happens  at  the  end  of 
two  or  three  days.  Furthermore,  the  pancreas  being  very  sensitive  to 
external  irritation,  its  secretion  is  liable  to  become  altered  in  chai’acter 
during  the  inflammatory  process,  and  it  is  therefore  to  be  collected  for 
examination  only  within  the  first  twenty-four  hours  after  the  insertion 
of  the  canula. 

A permanent  pancreatic  fistula  has  been  successfully  established  by 
Ludwig  and  Bernstein,  by  making  an  incision  in  the  side  of  the  pan- 
creatic duct  near  the  intestine,  introducing  into  the  orifice  thus  made  a 
leaden  wire  extending  a short  distance  each  way,  toward  the  gland  and 
toward  the  duodenum,  and  provided  with  an  arm  projecting  at  right 
angles  from  its  middle,  which  is  allowed  to  protrude  from  the  external 
wound.  After  the  healing  of  the  parts,  the  fistula  is  thus  kept  perma- 
nently open  by  the  wire,  which  lies  somewhat  loosely  in  the  cavity  of  the 
duct  and  allows  the  secretion  to  escape  by  its  side.  The  objection  to 
the  plan  is  that,  as  the  secretion  passes  by  a narrow  fistulous  passage, 
it  may  be  mingled  with  unnatural  secretions. 

Physical  Character  and  Composition  of  the  Pancreatic  Juice. — The 
pancreatic  juice  obtained  from  the  dog  within  the  first  day  after  the 
introduction  of  the  canula,  and  while  digestion  is  going  on,  is  a clear 
colorless  fluid,  with  a distinctly  alkaline  reaction.  It  has  a well  marked 
viscidity,  somewhat  like  that  of  the  serum  of  blood,  or  uncoagulated 
white  of  egg,  and  differs  strongly  in  this  respect  from  the  watery  con- 
sistency of  the  gastric  juice.  It  coagulates  completely  by  the  applica- 
tion of  a boiling  temperature,  often  solidifying  into  a uniform  jelly-like 
mass.  It  also  gelatinizes  partially  on  being  cooled  down  to  the  zero 
point  (32°  F.).  According  to  the  analyses  of  Schmidt,1  it  has  the  fol- 
lowing composition : 

Composition  of  Pancreatic  Juice. 


Water 900.76 

Pancreatine 90.44 

Sodium  chloride 7.35 

Potassium  chloride 0.02 

Lime  phosphate  0.41 

Magnesium  phosphate 0.12 


Soda,  lime,  and  magnesia,  in  combination  with  the  pancreatine  . 0.90 

1000.00 


1 Annalen  der  Chemie  und  Pharmacie,  1854,  xcii.  p.  33. 
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The  most  important  ingredient  of  the  pancreatic  juice  is  its  animal 
matter,  known  as  pancreatine.  It  is  this  substance  which  gives  to  the 
fluid  its  tenacious  or  viscid  character,  and,  in  the  secretion  obtained  by 
the  above  method,  it  amounts  to  over  ten  per  cent,  of  the  whole, 
being  more  abundant  than  all  the  other  solids  taken  together.  It  is 
also  considerably  more  abundant,  in  proportion,  than  the  albuminous 
ingredient  of  any  other  of  the  digestive  fluids.  It  is  coagulable  by 
heat,  by  nitric  acid,  by  alcohol,  and  also  by  magnesium  sulphate  added 
in  excess.  In  this  last  particular  it  differs  from  albumen,  which  is  not 
affected  by  magnesium  sulphate.  Another  peculiarity,  m which  it 
resembles  pepsine,  is  that  after  being  precipitated  by  alcohol,  it  may 
be  again  dissolved  in  water,  retaining  all  its  original  properties.  By 
some  observers  it  is  considered  as  a mixture  of  several  substances 
which  differ  from  each  other  in  their  chemical  relations;  but,  taken  as 
a whole,  it  forms  a strongly  marked  distinguishing  ingredient  of  the 


^When  drawn  from  the  canula  several  days  after  its  introduction,  or 
obtained  by  means  of  a permanent  fistula,  the  secretion  is  usually  more 
abundant,  but  poorer  in  its  organic  constituents.  Schmidt  found  that 
in  the  dog,  immediately  after  the  operation,  the  pancreatic  juice was 
of  a thick,  tenacious  consistency,  containing  an  abundance  o 
ingredients,  consisting  principally  of  organic  matter ; while  that  ob- 
tafned  from  a permanent  fistula  was  comparatively  thin  and  watery, 
containing  only  from  1.5  to  3.6  per  cent,  of  solids,  of  which  not  more 
than  two-thirds  consisted  of  organic  matter  Other  o^rvers  hare 
met  with  the  same  difference.  The  fluid  obtained  soon  aftei  the  intio 
duction  of  the  canula,  during  the  period  of  digestion,  probably  repre- 
sents most  fully  the  normal  secretion.  _ 

The  organic  matter  of  pancreatic  juice,  like  that  of  the  othe 
digestive  secretions,  may  be  extracted  from  the  substan^  of  tte  gland^ 
ular  tissue.  For  this  purpose  the  pancreas  is i tahep  ir“m  th^  * 

m-  nior  killed  while  digestion  is  going  on,  a few  hours  after  the  ing 

S food,  cut  into  small  pieces,  or  ground  to  a pulp  w,th  sand 
and  allowed  to  macerate  for  two  hours  m water  at  25  (77  * • The 

senaratino-  it  from  the  alcohol,  and  maceratu 

separa  » filtpre,i  The  glycerine  extracts  the  01- 

It  may  be  precipitated  at  any  time  Iro  ^ed  in  water.  It  thus 

addition  of  strong  alcohol,  and  aftei  wai 

forms  a watery  extract  Juice.- This  secretion 
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great  importance  in  the  digestive  process,, although  the  precise  limits 
of  its  operation  are  not  yet  fully  determined. 

In  the  first  place,  the  pancreatic  juice  has  the  power  of  transforming 
starch  into  sugar.  This  action  takes  place  with  great  rapidity  at  the 
temperature  of  the  living  body.  According  to  Hardy,  it  is  much  more 
prompt  as  well  as  more  complete  than  the  corresponding  change 
produced  by  saliva,  being  at  the  temperature  of  40°  (104°  F.)  almost 
instantaneous;  and,  while  the  transforming  action  of  saliva  is  very 
partial,  much  of  the  starch  remaining  unchanged,  that  of  the  pancreatic 
juice  appears  to  convert  the  whole  ol  it  into  glucose.  Kroeger  found- 
that  one  gramme  of  fresh  pancreatic  juice,  at  the  temperature  ol  35° 
(95°  F.),  transformed  into  sugar,  within  thirty  minutes,  4.67  grammes 
of  starch  ; while,  according  to  our  own  observations,  if  one  gramme  of 
fresh  human  saliva  be  mixed  at  38°  (100°  F.),  with  a watery  solution 
containing  less  than  0.1  gramme  of  boiled  starch,  though  the  sugar  re- 
action becomes  manifest  in  one  minute,  a large  portion  of  the  starch 
is  still  unchanged  at  the  end  of  an  hour.  It  is  certain  that  hydrated 
starch,  although  it  may  be  recognized  for  a long  time  in  the  stomach 
by  its  iodine  reaction,  disappears  completely  as  soon  as  it  enters  the 
upper  part  of  the  duodenum.  According  to  Ranke,1 2 3  pancreatic  juice 
causes  the  transformation  not  only  of  hydrated,  but  also  of  raw  starch; 
a property  which  was  found  by  Bouchardat  and  Sandras  to  be  very 
energetic  in  the  secretion  of  the  common  fowl,  if  aided  by  a slight  ele- 
vation of  temperature. 

The  organic  matter  of  the  pancreatic  juice,  which  produces  this 
change,  is  coagulable  by  a boiling  temperature,  and  after  its  solution 
has  once  been  boiled,  it  is  inactive  in  regard  to  starchy  matters.  It  is 
produced  in  the  substance  of  the  gland,  probably  by  the  transformation 
of  some  previously  formed  material,  since  it  has  been  found  by  Liver- 
sidge,4  that  after  it  has  been  completely  extracted  from  the  chopped 
glandular  tissue  by  treatment  with  glycerine,  if  the  inactive  residue  be 
transferred  to  a filter,  and  allowed  to  remain  exposed  to  the  air  for  five 
or  six  hours,  it  is  regenerated,  and  nmy  be  again  extracted  by  the  addi- 
tion of  water  or  glycerine.  This  is  undoubtedly  due  to  a real  reproduc- 
tion of  the  active  organic  substance,  and  is  not  the  result  of  a putrefac- 
tive change,  since  the  same  observer  found  that  a watery  extract  of  the 
pancreas,  which  had  once  been  deprived  of  its  action  on  starch  by  boil- 
ing, never  regained  this  property  at  any  stage  of  subsequent  decompo- 
sition. 

Secondly,  the  pancreatic  juice  has  the  power  of  emulsifying  the  fats. 
This  is  perhaps  its  most  marked  and  peculiar  property,  by  which  it  is 

1 Chimie  Biologique.  Paris,  1871,  p.  152. 

2 Cited  in  Milne  Edwards,  Leqons  sur  la  Physiologie.  Paris,  1862,  tome  vii. 
p.  68. 

3 Physiologie  des  Menschens.  Leipzig,  1872,  p.  271. 

4 Studies  from  the  Physiological  Laboratory  of  the  University  of  Cambridge, 
Part  I.  Cambridge,  1873,  p.  49. 
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especially  distinguished  from  the  other  digestive  secretions.  If  a fluid 
fatty  substance,  such  as  olive  oil  or  melted  butter,  be  shaken  up  in  a 
test-tube  with  the  saliva,  the  gastric  juice,  the  bile,  or  any  of  the 
excreted  fluids,  it  suffers  no  change  in  its  physical  characters.  It  is 
partially  broken  up  by  the  mechanical  agitation,  but,  on  being  allowed 
to  remain  at  rest,  the  oil  globules  run  together  and  soon  collect  in  a 
distinct  layer  upon  the  surface  of  the  liquid.  If,  on  the  contrary,  the 
same  experiment  be  tried  with  fresh  pancreatic  juice,  the  oil  is  instantlj 
broken  up  iuto  a state  of  fine  subdivision,  producing  a uniformly  white, 
opaque,  milky  looking  fluid.  The  emulsion  thus  formed  is  permanent, 
the  microscopic  fat  granules  being  held  in  suspension  by  the  organic 
matter  of  the  secretion,  and  thus  prevented  from  uniting  into  visible  oil 
drops.  If  the  proportion  of  oily  matter  be  considerable,  a part  of  it  may 
rise  to  the  surface  as  a creamy  layer,  and  if  it  be  in  excess,  the  super- 
fluous portion  will  also  rise  to  the  upper  part  of  the  liquid ; but  the 
remainder  will  continue  indefinitely  in  the  emulsioned  condition,  dis- 
seminated uniformly  through  the  fluid  mixtiue. 

The  emulsifying  property  of  the  pancreatic  juice  is  very  active,  when 
the  secretion  exhibits  its  normal  characters.  Bernard  found^that  the 
freshly  extracted  juice  formed  a complete  emulsion  at  38°  (100  P.)  with 
olive  oil,  butter,  suet,  or  lard,  when  mixed  with  either  of  these  substances 
in  the  proportion  of  one  gramme  of  oleaginous  matter  to  two  grammes 
of  pancreatic  juice.  The  emulsion  thus  produced  retained  its  physical 
appearance  unchanged,  although  allowed  to  remain  at  the  above  tempe- 
rature for  fifteen  or  eighteen  hours. 

The  power  of  the  pancreatic  juice  to  emulsify  oils,  though  facilitated 
by  its  alkaline  reaction,  does  not  depend  upon  the  free  alkali,  but  is 
mainly  due  to  the  action  of  its  organic  matter.  This  is  indicated  by  the 
-for.t-  t.lmt,  other  animal  fluids  which  are  also  alkaline  do  not  have  the 


when  its  albuminous  ingredient  is  ^ “ 

„i — -rvrnnnrt.inn  nf  this  substance  is  diminished. 
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of  the  organ,  and  set  free  by  the  solution  of  the  vesicles,  fibres,  or  capil- 
lary tubes  in  which  they  are  contained,  or  among  which  they  are 
entangled ; and  they  are  still  readily  discernible,  floating  in  larger  or 
smaller  drops  on  the  surface  of  the  semi-fluid  alimentary  mass.  Yery 
soon,  however,  after  its  entrance  into  the  intestine,  the  oily  portion  of 
the  food  loses  its  characteristic  appearance,  and  is  converted  into  a 
white,  opaque  emulsion,  which  is  gradually  absorbed.  This  emulsion 
is  termed  the  chyle , and  is  always  found  in  the  small  intestine  during 
the  digestion  of  fat,  entangled  among  the  valvulee  conniventes,  and 
adhering  to  the  surface  of  the  villi.  The  digestion  of  fatty  substances 
accordingly  consists  mainly  in  their  emulsion,  by  which  they  are  con- 
verted into  chyle  and  made  ready  for  absorption.  This  change  begins 
to  take  place  in  the  duodenum,  immediately  below  the  orifice  of  the 
pancreatic  duct.  But  as  the  pancreatic  and  biliary  ducts  in  most  ani- 
mals open  into  the  intestine  in  company  or  in  close  juxtaposition  with 
each  other,  it  might,  from  this  circumstance  alone,  be  doubtful  whether 
the  two  secretions  have  not  an  equal  share  in  producing  the  effect.  Ber- 
nard first  removed  the  doubt  by  examining  the  products  of  digestion  in 
the  rabbit.  In  this  animal,  the  biliary  duct  opens,  in  the  usual  manner, 
just  below  the  pylorus,  while  the  pancreatic  duct,  as  stated  above,  com- 
municates separately  with  the  intestine  30  or  40  centimetres  farther 
down ; so  that  there  is  here  a considerable  extent  of  the  small  intestine 
already  containing  bile,  but  into  which  the  pancreatic  juice  has  not 
yet  been  discharged.  Bernard  fed  these  animals  with  substances  con- 
taining oil,  or  injected  melted  butter  into  the  stomach  ; and,  on  killing 
them  afterward,  found  that  there  was  no  chyle  in  the  intestine  between 
the  openings  of  the  biliary  and  pancreatic  ducts,  but  that  it  was  abun- 
dant immediately  below  the  orifice  of  the  latter.  Above  this  point,  also, 
he  found  the  lacteals  empty  or  transparent,  while  below  it  they  were 
full  of  white,  opaque  chyle.  These  experiments,  which  were  confirmed 
by  Prof.  Samuel  Jackson,1,  fully  demonstrate  that  the  emulsifying  action 
of  the  pancreatic  juice  upon  oily  matters  is  exerted  within  the  body 
during  digestion,  and  is  the  direct  agent  in  the  production  of  chyle  in 
the  intestine. 

Thirdly,  the  pancreatic  juice  at  the  temperature  of  the  living  body 
gradually  dissolves  coagulated  albuminous  matters.  This  property  of 
the  secretion,  first  recognized  by  Bernard  and  Corvisart,  has  been  alter- 
nately confirmed  and  denied  by  various  subsequent  observers.  Among 
those  who  found  in  the  pancreatic  juice  more  or  less  power  of  this  kind, 
some  stated  it  to  be  only  present  when  the  fluid  was  acidulated  (Meissner), 
while  others  maintained  that  it  could  only  be  exerted  in  presence  of  an 
alkaline  reaction  (Wundt) ; and  the  information  obtained  in  regard  to 
the  process  has  been  generally  much  less  distinct  and  satisfactory  than 
that  relating  to  the  other  properties  of  the  secretion.  The  most  definite 


1 American  Journal  of  the  Medical  Sciences.  Philadelphia,  October,  1854. 
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and  valuable  observations  on  this  subject  are -those  of  ^iibne^ho  ex- 
perimented both  with  the  pancreatic  juice  of  the  dog,  and  also  with  mfu- 
sior0f  the  glandular  tissue.  He  found  that  the  fresh  viscid  secretion 
could,  in  from  half  an  hour  to  three  hours,  effect  the  solution  of  coagulated 
fibrine  and  albumen,  without  any  modification  oi  its  alkaline  leac  , 
anc^withou^giving  ’rise  to  signs"  of  putrefaction;  the  ^ummous  mat- 
ters, thus  dissolved,  being  changed  into  a substance .not Lcoag^  J 
boiliim-  and  readily  diffusible  through  parchment  paper.  The  product  0 
tht  aS  accordingly  resembles  that  obtained  from  a similar  digestion 

mation  into  albummose.  But  in  an  m swoUen  or  altered 

to  Kiihne,  the  pieces  softened  and  near  the  point 

in  transparency,  even  when  co  J modified  in  their  physical 

„t  solution.  They  are,  howevmy  -» ** ' “ ^ is  J Biowly'attected 
and  chemical  proper lie. ^ ^insoluble  in  a ten  per 

by  dilute  acids  or  alkalies,  an  ^ remainiim  for  a time  in 

cent,  solution  of  hydrochlonc  acic  ’ ? . found  to  be  almost  instantly 

an  infusion  of  the  pancreas  a par t < of  it found  to  h 

soluble  in  a solution  of  organic  matter  of  the  pancreatic 

It  is  evident,  according  y,  - the  albuminous  matters,  some- 

juice  may  exert  a tinns^g  ^-"ce.  How  i this 
what  analogous  to  that  of  15rocess§of  digestion  has  not  been 

action  takes  place  m the  n.  . j possible  that  the  two 

demonstrated  by  direct  obse, ^ each  other.  In  the 

secretions  may  be  m some a/aeid  reaction,  and  with 
gastric  juice,  we  have  an  *undant  tom  ^ ^ jllioe  , corn. 

a small  proportion  of  oi  ga  nuich  larger  proportion  of  organic 

paratively  scanty  secretion,  u ‘ . ° on  the  albuminous 

matter,  capable  of  exertn '8  ““f  “S?ic  juice  acts  alone  in  the 

SaTc 'otatog  anil  disintegrating  the  food,  and  actually  dissolving 

. Arclli,  far  Pathologischo  Anatomic  and  Physiologic,  1861,  rvair.  p.  130. 
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a part  of  it ; in  tlie  inte'stine  the  two  secretions  may  act  together,  to 
complete  the  liquefaction  of  the  alimentary  materials. 

Mode  of  Secretion  and  Daily  Quantity  of  the  Pancreatic  Juice — 
If  examined  in  the  living  animal  by  means  of  a eanula  introduced  into 
its  excretory  duct,  it  is  found  that  the  action  of  the  pancreas  is  by  no 
means  the  same  at  different  times.  If  there  be  no  food  in  the  stomach  or 
intestine  or  if  the  process  of  digestion  be  arrested  from  any  cause,  no 
fluid  whatever  is  discharged  from  the  eanula.  If  digestion  be  going  on, 
the  pancreatic  juice  soon  begins  to  run  from  the  orifice  of  the  tube,  at 
first  slowly  and  in  successive  drops.  Sometimes  the  diops  follow  each 
other  with  rapidity  for  a few  moments,  and  then  an  interval  occuis 
during  which  the  secretion  seems  entirely  suspended.  After  a time  it 
recommences,  and  continues  to  exhibit  similar  fluctuations  during  the 
whole  course  of  the  experiment.  Its  flow,  however,  is  at  all  times 
scanty,  as  compared  with  that  of  the  gastric  juice.  We  have  never 
been  able  to  collect,  in  a good  sized  dog,  more  than  75  grammes  in  the 
course  of  three  hours,  and  usually  the  quantity  was  much  less  than  this. 
Colin  found  a great  variation  in  the  animals  upon  which  he  experimented, 
the  quantity  being  from  two  and  a half  to  thirty  times  as  abundant  at 
one  period  as  at  another.  In  the  bullock,  the  largest  quantity  obtained 
was  342  grammes  per  hour  while  the  animal  was  engaged  in  rumination. 

The  entire  quantity  of  pancreatic  juice  secreted  per  day  cannot  be 
determined  with  precision,  but  it  is  evidently  moderate  in  amount,  as 
compared  with  the  other  digestive  fluids.  In  the  ox,  cow,  and  horse, 
Colin  found  the  average  quantity  nearly  the  same,  corresponding  to 
about  0.58  gramme  per  hour  for  every  kilogramme  of  the  animal’s 
weight.  Schmidt,  in  his  experiments  upon  the  dog,  found  it,  in  recently 
established  flstulae,  not  more  than  0.2  gramme  per  kilogramme  per  hour. 
In  the  most  successful  instances,  we  have  found  it  in  the  dog,  as  much 
as  1.25  grammes  per  kilogramme  per  hour  during  active  digestion,  but 
much  less  than  this  in  the  intervals.  If  we  take,  as  the  average  of  these 
estimates,  0.5  gramme  per  hour  for  every  kilogramme  of  bodily  weight, 
it  would  give  for  a man  of  medium  size  about  800  grammes  as  the  entire 
quantity  of’  pancreatic  juice  secreted  per  day. 

The  condition  of  the  pancreas  varies  at  different  periods  corresponding 
with  the  activity  of  its  secretion.  In  the  intervals  of  digestion  it  is 
comparatively  pallid  and  dense ; during  digestion  it  becomes  turgid  and 
vascular,  its  ruddy  color  showing  the  increased  quantity  of  blood  circu- 
lating in  its  vessels.  According  to  most  observers,  the  substance  which 
is  efficient  in  the  solution  of  albuminous  matters  can  only  be  extracted 
from  the  pancreas  at  this  time,  during  the  height  of  its  vascularity  and 
digestive  action,  which,  in  the  dog,  is  from  five  to  seven  hours  after  the 
ingestion  of  food.  When  the  process  of  digestion  is  terminated,  its 
vascularity  again  diminishes,  and  the  organ  returns  to  its  quiescent 
condition.  This  periodical  excitement  during  the  period  of  functional 
activity,  though  well  marked  in  the  pancreas,  is  not  peculiar  to  it,  but 
may  also  be  seen  in  the  mucous  membrane  of  the  stomach  and  the  small 
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intestine.  It  probably  exists,  more  or  less  fully  developed,  in  all  the 
organs  taking  part  in  the  digestive  process. 


The  Intestinal  Juice  and  Digestion  in  the  Intestine. 

The  secretory  apparatus  of  the  small  intestine  consists  of  two  sets  of 
glandular  organs,  namely,  first,  Brunner's  glands,  which  are  compound 
or  lobulated,  and  confined  to  the  upper  part  of  the  duodenum,  forming 
a sort  of  collar  round  the  intestine  for  a distance  of  several  centimetres 
from  the  pylorus  ; and,  secondly,  the  follicles  of  Lieberkuhn , which  are 
simple  tubular  glandules,  occupying  ttm  substance  of  the  mucous  mem- 
brane for  the  whole  length  of  the  small  intestine. 


Fig.  48. 


Sntire  Biwnn’BGW"",  from  human  intestine. 
(Frey.) 


Fig.  49. 


portion  of  one  of  Bbunnek’S 
Glands,  from  human  intestine. 


In  their  » 

of  the  month,  being  comi  ■ , follicle  is  about  TV  of  a milli- 

central  branching  excretory  uc : • - membranous  wall,  lined 

metre  in  diameter,  and  consists  of  a delicate 
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with  cells  of  glandular  epithelium,  showing  small  but  distinctly  marked 
nuclei.  The  follicles  collected  round  each  terminal  branch  of  the  main 
duct  are  bound  together  by  a thin  layer  of  connective  tissue,  and  covered 
with  a plexus  of  capillary  bloodvessels. 

The  follicles  of  Lieberkiihn,  which  are  much  more  numerous  than  the 
preceding,  are  not  situated  in  the  submucous  connective  tissue,  but 
occupy  the  entire  thickness  of  the  mucous  membrane,  forming,  like  the 
gastric  follicles  in  the  mucous  membrane  of  the  stomach,  the  greater  part 
of  its  substance.  They  are 
simple,  nearly  straight  tubules, 
from  -jbr  to  TV  of  a millimetre 
in  diameter,  lined  throughout 
with  cylindrical  epithelium, 
opening  by  their  orifices  upon 
the  free  surface  of  the  intes- 
tinal mucous  membrane  and 
terminating  below  by  rounded 
extremities.  They  are  so 
thickly  set  that  in  many  places 
there  appears  to  be  no  space 
left  between  them,  except  that 
occupied  by  the  capillary 
bloodvessels  which  encircle 
them  in  every  direction. 

The  fluid  produced  by  the 

, ...  „ Follicles  ot  Lieberkuhn,  from  Small  In- 

mucous  membrane  ot  the  small  testme  of  Dog. 

intestine  consists  of  a mixture 

of  the  secretions  of  these  two  sets  of  glands.  But  as,  owing  to  the  situa- 
tion of  Brunner’s  glands,  it  has  been  found  impossible  to  obtain  their 
secretion  unmixed  with  other  fluids,  and  as  it  is  evidently  much  less 
abundant  than  that  produced  in  the  remainder  of  the  intestine,  the 
secretion  of  the  follicles  of  Lieberkuhn  is  regarded  as  the  main  con- 
stituent of  the  intestinal  juice.  It  is  by  no  means  easy  to  obtain  this 
fluid  in  a pure  form  and  in  normal  condition.  There  is  no  single  excre- 
tory duct,  like  that  of  the  pancreas,  into  which  a canula  might  be 
inserted ; and  a fistulous  opening  made  in  the  intestine  itself  would  of 
course  jdeld  a mixture  of  all  the  secretions  discharged  into  its  cavity. 
If  these  should  be  shut  off  by  a ligature  permanently  applied  above 
the  fistula,  the  disturbance  of  the  digestive  process  would  be  so  great, 
that  the  experiment  could  hardly  be  expected  to  give  a valuable  result. 

Nevertheless,  attempts  have  been  made,  by  various  methods,  to 
obtain  the  intestinal  juice  in  condition  sufficiently  pure  for  examination. 
Bidder  and  Schmidt  first  tied  the  biliary  and  pancreatic  ducts,  and  then 
established  an  intestinal  fistula  below,  from  which  they  extracted  the 
fluids  accumulated  in  the  cavity  of  the  gut.  Frerichs  operated  by 
opening  the  abdomen,  taking  out  a loop  of  intestine,  emptying  it  so 
far  as  possible  by  gentle  pressure,  isolating  its  cavity  by  the  application 


Fig.  50. 
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of  two  ligatures  15  or  20  centimetres  apart,  and  returning  the  whole 
into  the  abdominal  cavity.  After  a lew  hours  the  animal  was  killed, 
and  the  fluid,  which  had  collected  in  the  isolated  portion  of  intestine, 
taken  out  and  examined.  Colin  adopted  a similar  method,  but  with 
greater  precautions,  in  the  horse.  lu  one  ol  these  animals,  while  diges- 


Fig.  51. 


Loop  of  Small 


Intestine,  from  the  horse,  isolated  by  compressors,  for  obtaining 
intestinal  juice.  (Colin.) 


tion  was  in  full  activity,  he  took  out,  through  an  opening  in  the  le 
flank,  a loop  of  small  intestine,  which  he  isolated  by  two  compressors, 
made  of  flat  wooden  or  metallic  strips,  enveloped  by  a ribbon  of  velvet, 
and  fastened  by  screws  in  such  a way  that  the  inner  surfaces  of  the 
intestine  might  be  retained  in  close  contact,  without  bruising  or  lacerat- 
ing their  tissues.  The  compressors  being  applied  at  a distance  of  fi  om 
one  to  two  metres  apart  after  the  included  portion  of  intestine  had 
been  emptied  by  gentle  pressure,  the  whole  was  returned  into  the  abdo- 
men, the  external  wound  closed  by  sutures  and  the  animal  killed  at  the 

end  of  half  an  hour.  , . , •. 

On  the  average,  100  grammes  of  fluid  had  accumulated  within  this 

time.  It  was  clear,  with  a slightly  yellowish  or  amber  tint  alkaline  in 
reaction,  and  with  a specific  gravity  of  1010.  According  to  the  analysis 
of  Lassaigne,  it  was  composed  as  follows: 
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Composition  of  Intestinal  Juice  from  the  Horse. 


Water  . 

Albuminous  matter 
Sodium  chloride 
Potassium  chloride 
Sodium  phosphate 
Sodium  carbonate 


981.0 

4.5 

14.5 


1000.0 


Thiry  separated  a portion  of  the  small  intestine  from  the  remainder 
by  two  transverse  sections,  leaving  the  mesentery  and  vessels  of  the 
isolated  portion  uninjured,  and  then  united  by  sutures  the  divided  ends 
of  the  remaining  portions,  so  as  to  re-establish  the  continuity  ot  the  intes- 
tine, but  with  a portion  of  it,  10  or  15  centimetres  long,  left  out.  Of 
this  isolated  portion,  still  nourished  by  its  vessels,  he  closed  one  end 
by  sutures,  so  as  to  make  of  it  a blind  extremity,  while  the  other  he 
fastened  to  the  edges  of  the  external  wound  in  such  a way  as  to  make 
of  it  a permanent  fistula.  When  all  the  parts  had  healed,  and  natural 
digestion  was  re-established,  he  collected  the  fluid  discharged  from  the 
open  end  of  the  isolated  portion  of  intestine.  This  operation  has  been 
repeated  by  other  observers.  The  objection  to  it  is  that  the  isolated  por- 
tion of  intestine,  after  being  for  some  weeks  precluded  from  taking  part 
in  the  process  of  digestion,  becomes  partially  atrophied,  and  cannot 
be  relied  on  as  furnishing  a secretion  similar  to  the  normal  intestinal 
juice.  The  results  obtained  vary,  some  of  them  indicating  that  the 
secretion  converts  starch  into  sugar  and  has  a dissolving  action  on 
coagulated  albuminous  matters,  others  that  these  properties  are  some- 
times absent  or  but  slightly  developed. 

On  the  whole,  the  method  adopted  by  Frerichs  and  Colin,  with  its 
various  modifications,  seems  to  be  the  best  and  has  furnished  the  most 
uniform  results.  Colin  found  that  the  fluid  obtained  in  this  way  has  the 
power  of  slowly  transforming  hydrated  starch  into  sugar,  and  of  emul- 
si oning  fatty  matters  with  considerable  energy.  One  part  of  olive  oil, 
treated  with  five  or  six  parts  of  intestinal  juice,  was  transformed  into  a 
homogeneous  mixture  of  a white  color;  and  oil  injected  into  the  isolated 
portion  of  intestine,  in  the  living  animal,  was  found,  after  an  hour,  re- 
duced to  the  condition  of  whitish  homogeneous  flakes. 

Bernard  obtained  from  a healthy  dog  which  had  been  without  food 
for  twelve  days,  by  an  opening  in  the  intestine  60  centimetres  below  the 
pylorus,  a transparent,  amber  colored,  alkaline  fluid,  which  coagulated 
by  heat,  emulsioned  oily  matters  distinctly  though  not  strongly,  and 
effected  the  transformation  of  hydrated  starch.  A small  quantity  of 
melted  lard  having  been  injected  into  the  lower  part  of  the  intestine 
and  a ligature  placed  above,  at  the  end  of  an  hour  and  a half  the  lower 
part  of  the  intestine  was  found  turgid,  with  emulsioned  fat  in  its  cavity, 
and  its  chyliferous  vessels  filled  with  opaque  chyle. 

It  appears  accordingly  that  the  intestinal  juice,  so  far  as  ascertained 
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by  direct  observation,  is  a comparatively  scanty,  alkaline  fluid,  contain- 
ing an  albuminous  ingredient  capable  ol  coagulation  by  beat,  it  exeits 
an  action  upon  starchy  and  fatty  matters  similar  to  that  of  the  pancreatic 
juice,  but  less  energetic  in  operation.  Its  action  upon  albuminous 
matters  is  less  distinct,  and  has  sometimes  been  found  to  be  absent  or 
feebly  developed.  It  is  undoubtedly  of  importance  as  accessory  to  the 
other  digestive  secretions,  but  the  precise  mode  and  extent  ot  its  opeia- 

tion  have  not  yet  been  determined. 

In  the  process  of  intestinal  digestion  a number  of  different  actions 
are  going  on  at  the  same  time.  The  materials  of  the  food,  disinte- 
grated and  partly  dissolved  in  the  stomach,  pass  through  the  pylorus 
into  the  intestine  still  mingled  with  a notable  quantity  of  gastric  juice, 
and  are  there  subjected  to  the  action  of  the  remaining  digestive  secre- 
tions.* Hydrated  starch,  set  free  by  the  solution  of  the  albuminous 
matters  with  which  it  was  associated,  rapidly  undergoes  the  conver- 
sion into  glucose,  and  the  saccharine  fluid  so  produced  is  promptly  ab- 
sorbed. If  a dog  be  fed  with  a mixture  of  meat  and  boiled  starch, 
although  this  conversion  does  not  begin  until  the  fluids  enter  the  duo- 
denum we  have  found,  in  some  instances,  that  at  the  end  ot  three- 
quarters  of  an  hour  all  traces  of  both  starch  and  sugar  had  disappeared 
from  both  stomach  and  intestine.  Raw  starch  in  the  lower  animals  is 
di crested  more  slowly  but  in  a similar  manner.  Bouchardat  and  bandras, 
^examining  the  alimentary  canal  of  the  rabbit  when  fed  with  potato, 
found  the  grains  of  starch  only  slightly  changed  in  the  stomach,  but  m 
the  small  intestine  they  were  altered,  corroded,  and  more  or  less  dis- 
solved in  proportion  as  they  had  descended  the  intestinal  canal,  while  m 
the  rectum  only  feeble  traces  of  them  remained. 

All  observers  agree  that  cane  sugar  undergoes  the  transformation 
into  glucose  by  contact  with  the  intestinal  juices.  This  conversion 
may  be  slowly  effected  by  the  action  of  gastric  juice  alone.  If  one 
part  of  cane  sugar  be  dissolved  in  20  parts  of  dog’s  gastric  juice,  and 
kept  at  38°  (100°F.)  the  mixture  will  give  traces  of  glucose  at  the  enc 
QVf  two  hours,  and  in  three  hours  its  quantity  is  considerable.  It  cannot 
be  shown,  however,  that  the  gastric  juice  exerts  this  effect  on  sugar  dur- 
ing ordinary  digestion.  If  pure  cane  sugar  be  given  to  a dog  with  a 
gastric  fistula  while  digestion  of  meat  is  going  on  it  disappears  m from 
two  to  three  hours,  without  any  glucose  being  detected  m ^fluids 
withdrawn  from  the  stomach.  It  is,  therefore,  eithei  c nee  j a 
under  the  form  of  cane  sugar,  or  passes,  little  by  little,  into  e uoc  e 
num  where  the  intestinal  fluids  convert  it  into  glucose.  ... 

Fatty  matters,  which  are  simply  melted  in  the  stomach,  or  se  free  by 
the  liquefaction  of  the  tissues  which  contain  them,  on  entering  the  intes- 
tine begin  to  be  emulsified  by  the  pancreatic  and  intestinal  juices, 
process  continues  throughout  the  small  intestine,  together  with  the  com- 
plete solution  of  muscular  flesh  which  has  been  disintegrated  by  stomach 
V l.Tm  If  a don  with  a permanent  duodenal  fistula,  be  examined 
SfL  animal  foo„, the  W dxn  from  the  hstuia 
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■within  the  first  hour  contains  gastric  juice,  and  is  turbid  with  the  rem- 
nants of  disintegrated  muscular  tissue,  mixed  with  fat  vesicles  and  oil 
drops.  This  turbid  mixture  grows  constantly  thicker  and  more  gruclly 
in  consistency  from  the  second  to  the  tenth  or  the  twelfth  hour  ; after 
which  the  discharge  of  fluid  from  this  part  of  the  intestine  becomes  less 
abundant,  and  finally  ceases  almost  completely,  as  digestion  comes  to 


an  end. 

The  gradual  alteration  in  the  ingredients  of  the  food  may  also  be 
seen  by  killing  the  animal  while  digestion  is  going  on,  and  examining 
the  contents  of  the  alimentary 

canal.  If  the  food  consisted  of  Pig-  52. 

muscular  flesh  and  adipose  tis- 
sue, the  stomach  contains  (Fig. 

52)  masses  of  softened  meat, 
smeared  over  with  gastric  juice, 
and  also  a moderate  quantity 
of  a grayish  grumous  fluid  with 
an  acid  reaction.  This  fluid 
contains  muscular  fibres,  iso- 
lated from  each  other  and  more 
or  less  reduced  to  imperfect 
fragments.  The  fat  vesicles  of 
the  solid  adipose  tissue  of  beef 
are  but  little  altered,  and  there 
are  only  a few  free  oil  globules 
to  be  seen  floating  in  the  mixed 
fluids  in  the  cavity  of  the 
stomach.  In  the  duodenum 
the  muscular  fibres  are  further 
disintegrated  (Fig.  53).  They 

become  much  broken  up,  pale,  and  transparent,  but  can  still  be  recog- 
nized, under  the  microscope,  by  their  characteristic  granular  markings 
and  striations.  The  fat  vesicles  also  begin  to  become  altered  in  the 
duodenum.  The  solid  granular  fat  of  beef  and  similar  kinds  of  meat 
becomes  liquefied  and  emulsioned  ; and  appears  under  the  form  of  free 
oil  drops  and  fatty  molecules ; wdiile  the  fat  vesicle  itself  is  partially 
emptied,  and  becomes  more  or  less  collapsed  and  shrivelled.  In  the 
middle  and  lower  parts  of  the  intestine  (Figs.  54  and  55)  these  changes 
continue.  The  muscular  fibres  become  constantly  more  and  more  dis- 
integrated, and  a large  quantity  of  granular  debris  is  produced,  which 
is  at  last  also  dissolved.  The  fat  also  progressively  disappears,  and  the 
vesicles  may  be  seen  in  the  lower  part  of  the  intestine,  collapsed  and 
empty. 

In  this  way  the  digestion  of  the  different  ingredients  of  the  food  goes 
on  in  a continuous  manner,  from  the  stomach  throughout  the  entire 
length  of  the  small  intestine.  At  the  same  time,  it  results  in  the  pro- 
duction of  three  different  substances,  namely:  1st.  Albuininose,  produced 

13 


Oobiikts  of  Stomach  during  Diges- 
tion of  Meat,  from  the  Dog. — a.  Fat  Vesicle, 
filled  with  opaque,  solid,  granular  fat.  b,  b.  Bits 
of  partially  disintegrated  muscular  fibre,  c.  Oil 
globules. 
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by  the  digestion  of  albuminous  matters ; 2d.  A chylous  fluid,  from  the 
emulsion  of  the  fats ; and  3d.  Glucose,  produced  by  the  transformation 


with  its  contents  diminishing.  The  vesicle  contents, 
is  beginning  to  shrivel  and  the  fat  breaking 
up.  b,  b.  Disintegrated  muscular  fibre,  c,  c. 

Oil  globules. 

of  starch.  These  substances  are  then  ready  to  be  taken  up  into  the  cir- 
culation : and  as  the  mingled  ingredients  of  the  intestinal  contents  pass 

successively  downward  through 


Fig.  55. 


the  intestine,  the  products  of  di- 
gestion, together  with  the  diges- 
tive secretions  themselves,  are 
gradually  absorbed  by  the  vessels 
of  the  mucous  membrane,  and 
carried  away  by  the  current  of  the 
circulation. 

The  Large  Intestine  and  its 
Contents. 

The  mucous  membrane  of  the 
large  intestine  is  abundantly  pro- 
vided with  tubular  glandules 
which  are  not  essentially  differ- 
ent, in  their  anatomical  charac- 
ters, from  the  follicles  of  Lieber- 

kiihn.  Their  secretion,  however, 
appears  to  be  comparatively 

scanty,  at  least  in  the  eatery  and 

^*rrr«c«t  jss?  — - 


From  last  quarter  or  Small  In- 
testine.—a.  Eat  vesicles,  quite  empty  and 
Bhrivelled. 
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fluid  ; and  if  a loop  of  the  gut  itself  be  isolated  by  ligatures,  an  accumu- 
lation of  mucus-like  matter  is  the  only  result.  In  the  rabbit,  however, 
after  ligature  of  the  vermiform  appendix,  Funke  obtained,  at  the  end  of 
from  two  to  four  hours,  a quantity  of  a turbid  alkaline  secretion,  with 
which  the  appendix  had  become  filled.  This  fluid  was  without  action 
upon  coagulated  albumen;  but  it  transformed  starch  into  sugar,  and 
also  decomposed  the  sugar,  with  production  of  lactic  and  butyric  acids. 
The  same  change  was  produced  upon  starch  introduced  into  the  cavity 
of  the  appendix.1  This  accounts  for  the  acid  reaction  sometimes  found 
in  the  cmcurn  of  herbivorous  animals,  from  the  decomposition  of  undi- 
gested starch,  although  the  mucous  surface  of  the  large  intestine  is 
constantly  alkaline. 

As  the  remnants  of  the  alimentary  mass  pass  the  situation  of  the 
ileo-ccecal  valve  and  enter  the  large  intestine,  they  begin  to  acquire  a 
more  pasty  consistency  and  a peculiar  repulsive  odor.  Both  these 
changes  become  more  marked  in  the  middle  and  lower  part  of  the  gut, 
until  all  the  superfluous  fluids  have  disappeared,  and  the  consistency 
and  odor  of  the  feces  are  fully  developed.  This  odor  is  not  a putrefac- 
tive one,  but  is  characteristic  of  the  contents  of  the  large  intestine.  Its 
source  may  be  either  a peculiar  transformation  of  some  of  the  ingre- 
dients of  the  food,  or  an  excretory  action  of  the  mucous  membrane  of 
the  intestine.  It  is  probably  in  great  part  the  result  of  an  excretion, 
since  in  different  kinds  of  animals,  whatever  be  the  nature  of  their  food, 
the  feces  have  usually  a distinct  odor  characteristic  of  the  species. 

The  average  daily  quantity  of  the  feces  in  the  human  subject  is  150 
grammes,  of  which  about  75  per  cent,  is  water,  and  25  per  cent,  solid 
residue.  They  consist,  first,  of  the  undigested  remnants  of  the  food ; 
and,  secondly,  of  the  excreted  materials  from  the  alimentary  canal. 
The  undigested  substances  derived  from  the  food  are  mainly  animal  or 
vegetable  tissues,  which,  from  their  constitution,  are  incapable  of  diges- 
tion. These  are  elastic  fibres,  or  bits  of  elastic  tissue,  which  nearly 
always  pass  the  intestine  unchanged ; shreds  of  tendon  or  fascia,  not 
sufficiently  softened  by  cooking ; horny  epidermic  tissues,  both  animal 
and  vegetable ; and  the  spiral  tubes  and  ducts  of  vegetable  substances. 
The  excreted  materials  of  internal  origin  are  the  mucus  of  the  large 
intestine,  and  probably  also  the  volatile  substances  which  produce  the 
fecal  odor.  The  coloring  matters  of  the  bile  are  present  in  a more  or 
less  altered  form. 

The  mineral  salts  contained  in  the  feces  amount  to  a little  over  one- 
tenth  of  the  solid  ingredients.  They  are,  for  the  most  part,  the  same 
with  those  common  to  the  animal  fluids  in  general,  but  are  mingled  in 
different  proportions ; only  about  4 per  cent,  consisting  of  the  soluble 
chlorides  and  sulphates,  while  fully  80  per  cent,  are  composed  of  lime 
and  magnesium  phosphates.  They  are  regarded  as  mainly  derived  from. 

1 Ranke,  Pliysiologie  des  Menscben.  Leipzig,  1872,  p.  297. 
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the  unabsorbed  mineral  ingredients  of  the  food,  and  partly  from  the 
saline  matters  of  the  intestinal  secretions. 

Beside  the  above,  the  feces  contain  two  crystallizablc  matters  oi 
organic  origin,  which,  though  not  present  in  large  quantity,  are  of 
importance  from  their  chemical  characters  and  the  mode  oi  their  pro- 
duction ; namely,  excretine  and  stercorine. 

Excretine. — This  was  discovered  and  described  by  Dr.  W.  Marcet, 
as  an  ingredient  of  human  feces,  though  it  does  not  occur  in  those  of 
the  lower  animals,  either  carnivorous  or  herbivorous.  It  is  a neutral  or 
faintly  alkaline  crystallizable  substance,  insoluble  in  water,  but  soluble 
in  ether  and  hot  alcohol.  It  crystallizes  in  radiated  groups  ot  four- 
sided prismatic  needles.  It  fuses  at  96°  (204°  F.),  and  burns  at  a higher 
temperature.  It  is  lion-nitrogenous,  and  consists  of  carbon,  hydrogen, 
oxygen,  and  sulphur,  in  the  following  proportions:— 

c78h16„o,s. 


It  is  thought  to  be  present  mostly  in  a free  state,  but  partly  m union 
with  certain  organic  acids,  as  a saline  compound.  , 

Stercorine. — This  substance  was  discovered  by  Prof.  A.  ( m , i-» 

both  in  human  feces  and  in  those  of  the  dog,  and  was  obtained  by  him 
in  proportions  varying  from  0.01  to  0.3  per  cent,  of  the  entire  fecal 
mass  It  is  most  abundant  in  the  feces  of  the  human  subject,  where  its 
average  quantity  is  estimated  by  its  discoverer  as  about  0.65  ^arnme 
per  day.  It  is  insoluble  in  water,  soluble  in  ether  and  m boiling  alco- 
hol, neutral  in  reaction,  and,  like  excretine,  crystallizes  m the  form  of 
radiating  needles.  It  differs  from  excretine,  however,  in  having  a much 
lower  fifsion  point,  becoming  liquefied  at  36°  (9G°.8  F ).  It  is  regarded 
as  produced  by  transformation  in  the  intestine  from  the  cholestenne  of 

the  bile.1 2 


1 Philosophical  Transactions.  London,  1857,  p.  410.  1Qr0 
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Fig.  56. 


The  mucous  membrane  of  the  small  intestine,  beside  containing  the 
glandular  follicles  already  described,  is  provided  with  a special  appa- 
ratus for  the  process  of  absorption.  This  apparatus  consists  of  innu- 
merable minute  eminences  or  prolongations  of  its  substance,  so  closely 
set  over  its  free  surface  that  they  give  to  it  a characteristic  velvety  appear- 
ance. These  are  the  so-called  villosities  or  villi  of  the  small  intestine. 
They  are  found  throughout  this  part  of  the  alimentary  canal,  from  the 
pylorus  to  the  free  border  of  the  ileo-caacal  valve,  most  abundant  in  the 
duodenum  and  jejunum,  rather  less  so  in  the  ileum,  but  in  general  in  the 
proportion  of  from  20  to  40  to  the  square  millimetre.  In  the  upper 
part  of  the  intestine  they  are-  flattened,  laminated,  or  leaf-like  in  form, 
becoming  cylindrical  and  filamentous  in  the  middle  and  lower  portions. 
In  the  human  subject  they  are  about  one-half  a millimetre  in  length. 

Each  villus  consists  of  a mass  of  tissue  continuous  with  that  of  the 
mucous  membrane  beneath.  It  is  covered 
with  a uniform  layer  of  nucleated,  finely 
granular  cylindrical  epithelium  cells,  closely 
united  with  each  other  by  their  lateral  sur- 
faces, and  presenting  at  their  outermost  por- 
tion a thin  layer  which  is  more  transparent 
than  the  rest  of  their  substance,  and  is 
marked,  according  to  Kolliker,  Prey,  and 
other  observers,  by  fine  vertical  striations. 

The  villus  is  penetrated  from  below  by  blood- 
vessels supplied  from  a terminal  twig  of  the 
mesenteric  artery,  which  form  by  their  fre- 
quent division  and  inosculation  an  exceed- 
ingly abundant  capillary  network,  almost 
immediately  beneath  the  epithelial  layer. 

At  its  base  they  reunite  to  form  a venous 
branch,  which  is  one  of  the  commencing 
rootlets  of  the  mesenteric  vein. 

In  the  deeper  part  of  the  villus,  and  lying 
nearly  in  its  longitudinal  axis,  there  is  also 
the  commencement  of  a lymphatic  vessel, 
which,  after  its  emergence  from  the  base  of 
the  organ,  joins  the  general  system  of  the 
abdominal  lymphatic  or  lacteal  vessels.  The 
lymphatic  vessel  is  usually  single  in  the  fili- 


Ak  iktebtihai  Villus. 
— a.  Layer  of  cylindrical  epithe- 
lium, with  its  external  trans- 
parent striated  portion,  b b. 
Bloodvessels  entering  and  leav- 
ing the  villus,  c.  Lymphatio 
vessel  occupying  its  central 
axis.  (Lcydig.) 

( 189) 
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form  or  cylindrical  villi,  sometimes  double  or  even  triple  in  those  of  a 
more  flattened  form.  It  has  exceedingly  thin  walls,  consisting  only  of 


Fig.  57. 


a single  lciycu*  of  flattened  epithelium  cells. 

Closed  Follicles  of  the  Small  Intestine.— In  addition  to  the  secreting 
glandules  and  villi,  the  intestine  presents,  throughout  its  extent,  two 

sets  of  glandular  looking  organs,  known 
as  the  glandulse  solitarise  and  the 
glandulse  agminatse.  The  first  of  these, 
or  the  solitary  glandules,  are  found  in 
the  upper  part  of  the  intestine,  scattered 
at  intervals  over  its  surface,  as  minute 
whitish  points.  Farther  down  they 
begin  to  occur  in  clusters  of  several  to- 
gether, and  in  the  lower  part  of  the 
jejunum  and  in  the  ileum  they  consti- 
tute rounded  or  elongated  oval  patches, 
from  1|  to  5 centimetres  in  length, 
known  by  the  name  of  “Peyer’s  patches.” 
These  patches  are  ‘always  situated  op- 
posite the  attachment  of  the  mesentery, 
and  with  their  long  diameter  parallel  to 
the  axis  of  the  intestine. 

The  structure  of  the  solitary  gland- 
ules and  of  those  forming  Peyer’s 
patches  is  the  same.  The  only  differ- 
ference  between  them  is  that  in  one  case 
the  follicles  are  distributed  separately  over  the  surface  of  the  intestine, 

while  in  the  other  they  are  collected  into  distinct  groups. 
m Each  follicle  is  a rounded  or 


Feyek's  Patch  of  aiminated 

glandules  from  the  ileum.  (Boehm.) 


Fig.  58. 


0NB  OF  *n  CLOSED  FOLLICLES  OF  PET- 
ep’s  Patches,  from  Small  Intestine  o S> 
showing  the  bloodvesielB  in  its  interior.  Mag  i- 
fled  60  diameters. 


ovoid  body,  from  one-half  to  two 
millimetres  in  diameter,  situated 
partly  in  the  thickness  of  the 
mucous  membrane,  and  partly 
below.  It  consists  of  an  ex- 
ternal investing  capsule,  closed 
on  all  sides,  from  the  inner  sur- 
face of  which  slender  anastomos- 
ing filaments  pass  through  the 
substance  of  the  organ,  forming 
a delicate  scaffolding  or  frame- 
work of  minute  fibres.  In  the 
interstices  between  these  fibies 
there  is  a small  quantity  of  fluid, 
together  with  an  abundance  of 
lymph  corpuscles , or  faintly 
granular  cells  about  13  mmni. 
in  diameter.  The  follicle  is  also 
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penetrated  by  capillary  bloodvessels,  which  pass  through  its  investing 
capsule  from  without,  inosculate  freely  with  each  other  in  its  interior, 
and  return  upon  themselves  in  loops  near  its  centre. 

The  follicles  have  a close  relation  with  the  lymphatics  of  the  intestine. 
The  lymphatic  vessels  coming  from  the  villosities  form  a plexus  in  the 
substance  of  the  mucous  membrane  from  which  branches  pass  to  the 
follicles  and  ramify  upon  their  surface,  lorming  another  close  plexus  upon 
their  investing  capsule.  The  lymphatic  vessels,  however,  do  not  pene- 
trate into  the  interior  of  the  follicles,  which  are  occupied  by  blood- 
vessels alone  Owing  to  the  analogy  in  structure  between  these 
bodies  and  portions  of  the  lymphatic  glands,  as  well  as  to  the  fact  that 
the  lacteals  coming  from  the  neighborhood  of  Peyer’s  patches  are 
more  numerous  than  from  other  points  of  the  intestine,  the  closed  folli- 
cles are  generally  regarded  as  belonging  to  the  system  of  the  lym- 
phatic glands.  They  constitute  the  simplest  form  of  these  glands, 
situated  in  or  immediately  beneath  the  intestinal  mucous  membrane. 
They  furnish  no  fluid  secretion  to  the  intestinal  cavity,  but  are  con- 
nected in  some  way  with  the  preparation  or  elaboration  of  the  absorbed 
materials. 

Mechanism  of  Absorption  by  the  Villi. — The  villi  are  the  active 
agents  in  the  process  of  absorption.  The  entire  extent  of  the  mucous 
membrane  of  the  small  intestine,  including  the  valvulse  conniventes,  is 
estimated  at  about  6000  square  centimetres  of  surface  ; and  as  the 
number  of  the  villi  is,  on  the  average,  not  less  than  30  to  the  square 
millimetre,  there  must  be  at  least  from  fifteen  to  twenty  millions  of  them 
in  the  whole  length  of  the  small  intestine.  By  their  great  abundance, 
accordingly,  as  well  as  by  their  projecting  form,  they  multiply  the  ex- 
tent of  surface  over  which  the  digested  fluids  come  in  contact  with  the 
intestinal  mucous  membrane,  and  increase,  to  a corresponding  degree, 
the  energy  with  which  absorption  tabes  place.  They  hang  out  into  the 
nutritious,  semi-fluid  mass  contained  in  the  intestinal  cavity,  as  the 
roots  of  a tree  penetrate  the  soil ; and  they  imbibe  the  liquefied  portions 
of  the  food  with  a rapidity  which  is  in  direct  proportion  to  their  extent 
of  surface  and  the  activity  of  the  circulation. 

The  process  of  absorption  is  also  hastened  by  the  peristaltic  move- 
ments of  the  intestine.  The  muscular  layer  here,  as  in  other  parts  of 
the  alimentary  canal,  is  double,  consisting  of  both  circular  and  longitu- 
dinal fibres.  The  action  of  these  fibres  maybe  readily  seen  by  pinching 
the  exposed  intestine  with  the  blades  of  a forceps.  A contraction  takes 
place  at  the  spot  irritated,  by  which  the  intestine  is  reduced  in  diame- 
ter, its  cavity  partially  obliterated,  and  its  contents  forced  onward  into 
the  succeeding  portion  of  the  alimentary  canal.  The  local  contraction 
then  propagates  itself  to  the  neighboring  parts,  while  the  portion 
originally  contracted  becomes  relaxed ; so  that  a slow,  continuous, 
creeping  motion  of  the  intestine  is  produced,  by  successive  waves  of 
contraction  and  relaxation,  which  follow  each  other  from  above  down- 
ward. At  the  same  time,  the  longitudinal  fibres  have  a similar  alter- 


192 


ABSORPTION. 


netting  action,  drawing  the  narrowed  portions  oi  intestine  up  and  down, 
as  they  successively  enter  into  contraction  or  become  relaxed  in  the 
intervals.  The  effect  of  the  whole  is  to  produce  a peculiar,  writhing, 
worm-like,  or  “ vermicular”  motion,  among  the  different  coils  of  intes- 
tine. During  life,  the  vermicular  or  peristaltic  motion  of  the  intestine 
is  excited  by  the  presence  of  food  undergoing  digestion.  By  its  action, 
the  substances  which  pass  from  the  stomach  into  the  duodenum  aie 
steadily  carried  from  above  downward,  so  as  to  traverse  the  entire 
length  of  the  small  intestine,  and  to  come  in  contact  successively  with 
the  whole  extent  of  its  mucous  membrane.  During  this  passage  the 
absorption  of  the  digested  food  is  constantly  going  on.  Its  liquefied 
portions  are  taken  up  by  the  villi  of  the  mucous  membrane,  and  succes- 
sively disappear ; so  that,  at  the  termination  of  the  small  intestine, 
there  remains  only  the  undigested  portion  of  the  food,  together  with 
the  refuse  of  the  intestinal  secretions.  These  pass  through  the  ileo- 
c fecal  orifice  into  the  large  intestine,  and  there  become  reduced  to  the 


the  epithelial  cells  covering 
Fig.  59: 


condition  of  feces.  . . „ , , , , , 

The  digested  fluids  taken  up  from  the  intestine  are  first  absorbed  by 

the  surface  of  the  villi,  and  are  thence 

transmitted  to  the  deeper  por- 
tions of  their  tissue.  This  pas- 
sage of  the  products  of  diges- 
tion through  the  substance  of 
the  epithelial  cells  is  difficult 
of  demonstration  for  perfectly 
homogeneous  liquids,  but  it 
may  be  distinctly  seen  in  the 
case  of  the  fatty  matters  of  the 
chyle.  As  already  described, 
the  oleaginous  matters  of  the 
food  are  emulsified  by  diges- 
tion, forming  in  the  intestine  a 
white  milky  fluid,  termed  the 
“ chyle,”  which  is  entangled  in 
the  folds  .of  the  mucous  mem- 
brane, and  adheres  to  the  sur- 
face of  the  villi.  In  chyle 
which  is  drawn  either  from  the 
lacteal  vessels  or  tile  thoracic  duct,  the  fatty  matter  still  presents  itself 
in  the  same  condition,  and  retains  all  the  chemical  properties  of  oil. 
Examined  by  the  microscope,  it  is  seen  to  exist  under  the  form  of  fine 
granules  and  molecules,  varying  in  size- from  ™ 
which  present  the  ordinary  appearances  of  oil  in  a state  of  minute  sub 
division.  The  chyle,  therefore,  does  not  represent  the  entire  product  of 
the* digestive  process,  hut  consists  of  the  fatty  substances,  suspended  by 

'Tlf  emulirr  ofltas  accordingly  passed  from  the  cavity  of  the 
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intestine  into  that  of  the  lacteal  vessels.  Its  transmission  is  facilitated 
by  the  alkaline  condition  of  the  blood  and  of  the  intestinal  juices.  Oil 
by  itsfelf  is  a non-diffusible  substance;  that  is,  it  is  incapable  of 
passing  through  an  animal  membrane  by  endosmosis.  If  a fluid  con- 
taining oil  be  placed  on  one  side  of  an  animal  membrane,  and  pure 
water  on  the  other,  the  water  will  readily  penetrate  the  substance  of 
the  membrane,  while  the  oily  particles  cannot  be  made  to  pass  under 
any  ordinary  pressure.  Though  this  be  true,  however,  foi  puie  watei, 
it  is  not  true  for  slightly  alkaline  fluids  like  the  serum  of  blood  or  the 
lymph.  This  has  been  demonstrated  by  the  experiments  of  Matteucci, 
in  which  he  made  an  emulsion  with  an  alkaline  fluid  containing  4.o 
parts  per  thousand  of  potassium  hydrate.  Such  a solution  has  no  per- 
ceptible  alkaline  taste,  and  its  action  on  reddened  litmus  paper  is  about 
equal  to  that  of  the  lymph  and  chyle.  If  this  emulsion  were  placed  in 
an  endosmometer,  together  with  a watery  alkaline  solution  of  similar 
strength,  it  was  found  that  the  oily  particles  penetrated  the  animal 
membrane  without  much  difficulty,  and  mingled  with  the  fluid  on  the 
opposite  side.  Endosmosis  will  thus  take  place  with  a fatty  emulsion, 
provided  the  fluids  used  in  the  experiment  be  slightly  alkaline  in  re- 
action. 

The  fatty  molecules  of  the  chyle,  accordingly,  are  taken  up  by  the 
layer  of  epithelium  cells  covering  the  surface  of  the  villi,  and  their 
passage  into  and  through  the  epithelial  layer  produces  a marked  altera- 
tion in  the  physical  appearance  of  the  cells  composing  it.  In  the  inter- 
vals of  digestion  these  cells  are  nearly  transparent  and  homogeneous- 


Fig.  60.  Fig.  61. 


Intestinal  Epithelium;  from  the  Intestinal  Epithelium;  fromthe  Dog, 
Dog,  while  fasting.  during  the  digestion  of  fat. 


looking,  presenting  under  the  microscope  only  the  appearance  of  a very 
fine  and  delicate  granulation.  (Fig.  GO.)  But  if  examined  during  the 
digestion  and  absorption  of  fatty  matters,  their  substance  is  seen  to  be 
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crowded  with  oily  particles,  taken  up  by  absorption  Irom  the  intestinal 
cavity.  (Fig.  61.)  The  oily  matter  then  passes  onward,  penetrating 
deeper  into  the  substance  of  the  villus,  until  it  is  at  last  received  by  the 
capillary  vessels  in  its  interior. 

Absorption  by  the  Bloodvessels.— The  final  absorption  of  the  digested 
fluids  is  accomplished  mainly  by  the  bloodvessels  of  the  intestinal  villi. 
Their  situation,  their  numbers,  and  the  rapid  movement  of  the  blood 
through  these  channels,  are  all  circumstances  especially  favorable  for 
the  performance  of  this  function.  The  capillary  plexus  of  each  villus 
is  situated  in  the  most  superficial  part  of  its  substance,  almost  immedi- 
ately beneath  the  epithelium  cells  which  cover  its  surlace,  so  that  the 
absorbed  fluids,  after  passing  through  the  epithelial  layer,  come  at  once 
in  contact  with  the  capillaries  of  the  vascular  network.  The  exten- 
sion of  absorbing  surface,  from  the  repeated  division  and  inosculation 
of  these  vessels,  and  the  constant  renovation  of  the  fluids  which  they 
contain,  by  the  movement  of  the  circulation,  provide  for  their  constant 
activity,  and  drain  away  the  absorbed  fluids  from  the  substance  ot  the 
villus  as  fast  as  they  are  taken  up  by  its  exposed  surface. 

Fig.  62. 


Capillary  Bloobvrbslls  op  thk  Iktrbtiral  Villi;  from  the  Mouse. 

(KOlliker.) 

The  activity  of  the  bloodvessels  in  the  process  of  absorption  is  also 
a matter  of  direct  observation.  Abundant  experiments  have  demon- 
strated, not  only  that  soluble  substances  introduced  into  the  intestine 
may  be  soon  afterward  detected  in  the  blood  of  the  portal  vein  but 
that  absorption  takes  place  more  rapidly  and  abundantly  by  the  blood- 
vessels  than  by  the  lacteals.  This  was  first  shown  by  Magendie,  who 
found  that  the  absorption  of  poisonous  substances  would  take  place,  m 
the  living  animal,  both  from  the  cavity  of  the  intestine  and  from  he 
tissues  of  the  lower  extremity,  notwithstanding  that  all  commum  . 
through  the  lacteals  and  lymphatics  was  cut  off,  and  tie  passa^ 
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bloodvessels  alone  remained.  These  results  were  afterward  corroborated 
by  Panizza,  who  succeeded  in  detecting  the  substance  which  had  been 
absorbed  in  the  venous  blood  returning  from  the  part.  This  observer 
opened  the  abdomen  of  a horse,  and  drew  out  a fold  of  the  small  intes- 
tine, about  20  centimetres  in  length  (Fig.  63,  a,  a),  which  he  included 


Fig.  63. 


c 


Pahizza’s  Experiment. — aa.  Intestine,  b.  Point  of  ligature  of  mesenteric  vein, 
c Opening  in  intestine  for  introduction  of  poison,  d.  Opening  in  mesenteric  vein  behind  the 
ligature. 

between  two  ligatures.  A ligature  was  then  placed  (at  b ) upon  the 
mesenteric  vein  receiving  the  blood  from  this  portion  of  intestine ; and, 
in  order  that  the  circulation  might  not  be  interrupted,  an  opening  was 
made  (at  cl)  in  the  vein  behind  the  ligature,  so  that  the  blood  brought 
by  the  mesenteric  artery,  after  circulating  in  the  intestinal  capillaries, 
passed  out  at  the  opening,  and  was  collected  in  a vessel  for  examination. 
Hydrocyanic  acid  was  then  introduced  into  the  intestine  by  an  opening 
at  c,  and  almost  immediately  afterward  its  presence  was  detected  in  the 
venous  blood  flowing  from  the  orifice  at  d.  The  animal,  however,  was 
not  poisoned,  since  the  acid  was  prevented  from  gaining  an  entrance 
into  the  general  circulation  by  the  ligature  at  b. 

Panizza  afterward  varied  this  experiment  in  the  following  manner: 
Instead  of  tying  the  mesenteric  vein,  he  simply  compressed  it.  Then, 
hydrocyanic  acid  being  introduced  into  the  intestine,  as  above,  no  effect 
was  produced  on  the  animal,  so  long  as  compression  was  maintained 
upon  the  vein.  But  as  soon  as  the  blood  was  again  allowed  to  pass 
through  the  vessels,  symptoms  of  general  poisoning  became  manifest. 
Lastly,  in  a third  experiment,  the  same  observer  removed  all  the  nerves 
and  lacteal  vessels  supplying  the  intestinal  fold,  leaving  the  blood- 
vessels alone  untouched.  Hydrocyanic  acid,  now  being  introduced  into 
the  intestine,  found  an  entrance  at  once  into  the  general  circulation,  and 
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the  animal  was  immediately  poisoned.  The  bloodvessels,  therefore,  are 
not  only  capable  of  absorbing  fluids  from  the  intestine,  but  take  them 
up  even  more  rapidly  than  the  lacteals. 

The  entrance  of  digested  materials  into  the  bloodvessels  of  the  intes- 
tine is  readily  demonstrated  in  a similar  way.  After  the  digestion  of 
food  containing  a mixture  of  albuminous  and  starchy  ingredients,  both 
sugar  and  albuminose  are  to  be  met  with  in  the  blood  of  the  mesenteric 
and  portal  veins.  Digested  and  emulsioned  fatty  matters  may  also  be 
distinctly  followed,  in  their  passage  through  the  same  channels,  by  the 
turbid  and  chylous  aspect  which  they  communicate  to  the  portal  blood. 
It  is  easy  to  see  that  the  blood  of  the  portal  system,  in  the  cainiioious 
animals  during  digestion,  contains  fatty  matter  in  a state  of  minute 
subdivision,  similar  in  appearance  to  that  found  in  the  chyle  and  in  the 
substance  of  the  villi,  often  so  abundant  as  to  communicate  a turbid 
appearance  to  the  serum  after  coagulation;  and  various  observers 
(Lehmann,  Schultz,  Simon),  in  examining  the  blood  from  different  parts 
of  the  body,  have  also  found  the  blood  of  the  portal  system  consider- 
ably richer  in  fat  than  that  of  the  arteries  or  of  other  veins,  particularly 
while  intestinal  digestion  is  going  on  with  activity. 

Absorption  by  the  Lacteals. — The  absorption  of  digested  materials, 
but  more  particularly  of  the  fatty  matters,  is  also  accomplished  by  the 
lymphatics  or  lacteals  of  the  small  intestine.  These,  however,  do  not 
form  a distinct  class  of  vessels  by  themselves,  but  are  simply  a part  of 
the  great  system  of  lymphatic  or  absorbent  vessels,  which  are  to  be 
found  everywhere  in  the  integuments  of  the  head,  the  parietes  of  the 
trunk,  the  upper  and  lower  extremities,  and  in  the  glandular  and  mus- 
cular organs  and  mucous  membranes  throughout  the  bod}7.  Originat- 
ing in  the  tissues  of  the  above  mentioned  parts,  they  pass  fiom  the 
periphery  toward  the  centre,  their  branches  converging  and  uniting  with 
each  other  like  those  of  the  veins,  and  passing,  at  various  points  in 
their  course,  through  certain  glandular-looking  bodies,  known  as  the 
lymphatic  glands. 

The  fluid  generally  contained  in  these  vessels  is  called  the  “ lymph. 
It  is  a colorless  or  slightly  yellowish  transparent  liquid,  which  is  ab- 
sorbed by  the  lymphatic  vessels  from  the  tissues  in  which  they  originate. 
So  far  as  regards  its  composition,  it  is  known  to  contain,  beside  water 
and  saline  matters,  a small  quantity  of  fibrine  and  albumen.  Its  ingre- 
dients are  evidently  derived  from  the  metamorphosis  of  the  tissues,  and 
are  returned  to  the  centre  of  the  circulation  to  be  eliminated  by  excretion, 
or  to  undergo  some  new  transforming  process,  the  details  of  which  are 
not  as  yet  fully  understood. 

The  lymphatic  vessels  of  the  intestine  originate,  as  we  have  seen,  in 
the  substance  of  the  villi,  where  they  commence  by  longitudinal  spaces 
lined  with  flattened  epithelium  cells,  becoming  provided,  at  a short  dis- 
tance from  their  origin,  with  thin,  transparent,  elastic  coats,  like  those 
of  the  capillary  bloodvessels.  After  leaving  the  base  of  the  villi  they 
become  part  of  the  lymphatic  plexus,  from  which  the  main  branches  pass 
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inward,  between  the  layers  of  the  mesentery,  from  the  intestine  toward 
the  posterior  part  of  the  abdomen.  During  their  course  through  the 
mesentery,  they  inosculate  with  each  other  by  transverse  branches,  and 
pass  in  succession  through  several  ranges  of  mesenteric  glands,  which 
have  the  same  structure  with  those  already  mentioned,  and  which  are 
accordingly  the  lymphatic  glands  of  the  abdominal  cavity.  On  arriving 
near  the  attached  portion  of  the  mesentery,  on  the  right  side  of  the 
abdomen,  at  about  the  level  of  the  second  lumbar  vertebra,  they  terminate 
in  a saccular  dilatation,  known  as  the  “ receptaculum  chyli.”  From 
this  point  the  thoracic  duct  passes  upward  through  the  cavity  of  the 
chest,  crossing  obliquely  from  the  right  to  the  left  of  the  median  line, 
and  finally  discharges  its  contents  into  the  left  subclavian  vein,  at  its 
junction  with  the  jugular  of  the  same  side. 

In  the  intervals  of  digestion  the  fluid  contained  in  the  lymphatic 
vessels  is  the  same  in  appearance  throughout  the  body.  Its  colorless 
and  transparent  character,  together  with  the  small  size  of  the  lymphatics 
themselves,  and  the  thinness  and  delicacy  of  their  coats,  make  these 
vessels  nearly  or  quite  invisible  to  the  unaided  eye.  But  during  the 
digestion  and  absorption  of  food  the  elements  of  the  chyle  are  taken  up 
by  the  lymphatics  of  the  small  intestine,  which  are  distended  with  a 
milky  fluid,  and  thus  become  visible  as  an  abundant  network  of  opaque 
white  filaments,  ramifying  in  the  intestinal  walls,  converging  from  the 
intestine  to  the  receptaculum  chyli,  and  contrasting  strongly  with  the 
ruddy  and  semi-transparent  color  of  the  neighboring  tissues.  If,  when 
in  this  condition,  one  of  them  be  opened  with  the  point  of  a scalpel,  it 
discharges  a chylous  liquid,  which  is  easily  seen  to  be  the  same  in 
character  with  that  contained  in  the  cavity  of  the  intestine  itself,  namely, 
an  emulsion  of  fatty  molecules  and  granulations.  Owing  to  the  appear- 
ance thus  given  to  the  vessels  themselves,  and  to  the  milky  fluid  which 
they  contain,  they  have  received  the  name  of  the  lacteals , or  lactiferous 
vessels  of  the  abdomen. 

The  presence  of  chyle  in  the  lacteals  is,  therefore,  not  a constant,  but 
only  a periodical  phenomenon.  The  fatty  substances  constituting  the 
chyle  begin  to  be  absorbed  during  the  process  of  digestion,  as  soon  as 
they  have  been  disintegrated  and  emulsioned  by  the  action  of  the  intes- 
tinal fluids.  As  digestion  proceeds,  they  accumulate  in  larger  quantity, 
and  gradually  fill  the  whole  lacteal  system,  giving  to  its  vessels  the 
characteristic  aspect  above  described.  But  as  digestion  and  absorption 
from  the  intestinal  cavity  come  to  an  end,  the  milky  fluid  disappears 
from  the  lymphatics,  and  they  resume  their  former  transparent  and 
colorless  appearance. 

Ihe  lacteals  accordingly  are  nothing  more  than  the  lymphatics  of  the 
small  intestine,  which,  in  addition  to  the  transparent  and  colorless 
lymph  which  they  usually  contain,  have  absorbed  a fluid  rich  in  fat 
derived  from  the  process  of  digestion.  While  this  process  is  going  on, 
they  are  distinguished  from  the  lymphatics  elsewhere  by  the  milky 
character  of  their  contents,  which  accumulate  in  the  receptaculum  chyli, 
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and  may  be  followed  thence  through  the  thoracic  duct,  to  tbe  point 
where  it  terminates  in  the  left  subclavian  vein. 

It  was  owing  to  the  opacity  and  visibility  of  the  lacteals  during  diges- 
tion that  these  vessels  were  discovered  in  1622  by  Asellius,  who  first 
saw  them  on  opening  the  abdomen  of  a dog,  a few  hours  after  the  inges- 
tion of  food.  The  discovery  of  the  general  system  of  lymphatic  vessels 

was  made  subsequently  by  Rud- 
Fig.  64.  beck  and  Bartholin,  in  1651  and 

1653,  and  was  consequent  upon 
the  previous  observations  on 
the  lacteals  of  the  abdomen. 

That  the  white  color  of  the 
chyle  during  digestion  is  really 
due  to  the  presence  of  fatty  sub- 
stances absorbed  from  the  intes- 
tine. is  shown  by  the  fact  that 
the  intensity  of  this  color  is  in 
proportion  to  the  quantity  of 
fat  contained  in  the  food.  It 
is  generally  less  marked  in  her- 
bivorous than  in  carnivorous 
animals.  According  to  the  ob- 
servations of  Tiedemann  and 
Gmelin,  in  a dog  fed  with  fatty 
matters  the  lacteals  are  abund- 
antly filled  with  an  opaque  white 
fluid,  while  in  the  same  animal 
fed  with  starchy  matters  alone, 
the  chyle  is  pale  and  but  slightly 
opaline ; and  finally  Bernard  has 
shown  that  if,  in  a dog  after 
several  days  fasting,  a little 
ether,  containing  fat  in  solution, 
be  injected  into  the  stomach, 
without  the  introduction  of  any 
other  food,  at  the  end  of  a few 
hours  the  lacteals  are  found 
fully  distended  with  milky  chyle, 
precisely  similar  in  appearance 
to  that  obtained  during  ordinary 
digestion. 

Passage  of  Absorbed  Materials  into  * 

of  digestion,  which  are  taken  up  by  the  bloodvess  3 r r dilation, 

the  intestine,  pass  by  two  different  routes  into  e ge  an(j 

The  blood  of  the  portal  system,  containing  albumino  j * ’ 
molecular  fat,  is  carried  at  once  to  the  liver,  wheie  it  traverse 
capillary  vessels  of  this  organ  before  reaching  the  vena  cava  . 


Lacteals  and  Lymphatics,  during 
digestion. 
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rio-ht  side  of  the  heart.  The  chyle,  on  the  other  hand,  containing  also 
a laro-e  proportion  of  fatty  ingredients,  passes  by  the  thoracic  duct 
directly  to  the  left  subclavian  vein  and  is  there  mingled  with  the  return- 
mo-  current  of  the  venous  blood.  But  all  these  substances,  after  entering 
the  circulation  and  coming  in  contact  with  the  organic  ingredients  of 
the  blood,  are  modified  in  such  a way  as  no  longer  to  be  recognizable 
under  their  original  form.  This  change  takes  place  very  rapidly  with 
the  albuminose  and  the  sugar,  both  of  which  are  taken  up  in  greatest 
proportion  by  the  bloodvessels  and  are  carried  at  once  through  the 
hepatic  capillaries.  The  albuminose  passes,  in  all  probability,  into  the 
condition  of  ordinary  albumen,  while  the  sugar  rapidly  becomes  decom- 
posed, or  transformed,  and  loses  its  characteristic  properties ; so  that, 
on  arriving  at  the  entrance  of  the  general  circulation,  both  these  newly 
absorbed  ingredients  have  become  already  assimilated  to  those  which 
previously  existed  in  the  blood.  The  fatt}r  matters  also,  which  reach 
the  blood  on  the  right  side  of  the  heart  both  by  the  portal  and  hepatic 
veins,  and  by  the  thoracic  duct  and  subclavian  vein,  undergo  a trans- 
formation while  passing  through  the  lungs  by  which  their  distinctive 
characters  are  destroyed,  and  they  are  no  longer  visible  as  oleaginous 
molecules.  This  alteration  is  so  complete,  during  the  early  part  of 
digestion,  or  when  the  proportion  of  fat  in  the  food  is  small,  that  all  the 
oleaginous  matter  disappears  in  the  lungs  and  none  of  it  is  to  be  de- 
tected in  the  blood  of  the  general  circulation. 

But  as  digestion  proceeds,  especially  when  the  food  has  been  abun- 
dant in  oleaginous  substances,  an  increasing  quantity  of  fatty  matter 
finds  its  way,  by  these  two  passages,  into  the  blood ; and  a time  at  last 
arrives  when  the  whole  of  the  fat  so  introduced  is  not  destroyed  during 
its  passage  through  the  lungs.  Its  absorption  taking  place  at  this  time 
more  rapidly  than  its  decomposition,  it  begins  to  appear,  in  moderate 
quantity,  in  the  blood  of  the  general  circulation ; and,  lastly,  when  the 
intestinal  absorption  is  at  its  point  of  greatest  activity,  it  is  found  in 
considerable  abundance  throughout  the  entire  vascular  system.  At  this 
period,  some  hours  after  the  ingestion  of  food  rich  in  oleaginous  matters, 
the  blood,  not  only  of  the  portal  vein,  but  also  of  the  general  circula- 
tion, everywhere  contains  a superabundance  of  fat,  derived  from  the 
digestive  process.  If  blood  be  then  drawn  from  the  veins  or  the  arteries 
in  any  part  of  the  body,  it  will  present  the  peculiar  appearance  known  as 
that  of  “chylous”  or  “milky”  bkxxL  On  the  separation  of  the  clot  the 
serum  is  turbid ; and  after  a few  hours  of  repose,  the  fatty  substances 
which  it  contains  rise  to  the  top  and  cover  its  surface  with  a partially 
opaque  and  creamy-looking  pellicle.  This  appearance  has  been  occa- 
sionally observed  in  the  blood  of  the  human  subject,  particularly  in 
cases  of  apoplexy  occurring  after  a full  meal.  It  is  a purely  normal 
phenomenon,  and  depends  simply  on  the  rapid  absorption,  at  certain 
periods  during  the  digestive  process,  of  oleaginous  substances  from  the 
intestine.  It  can  be  observed  in  the  dog  at  any  time  by  feeding  him  with 
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fat  meat,  and  drawing  blood,  seven  or  eight  hours  afterward,  from  the 
carotid  artery  or  the  jugular  vein. 

This  state  of  things  continues  for  a varying  length  of  time,  according 
to  the  amount  of  oleaginous  matters  contained  in  the  food.  When 
digestion  is  terminated,  and  the  fat  ceases  to  be  introduced  in  unusual 
quantity  into  the  circulation,  its  transformation  and  decomposition  con- 
tinuing to  take  place  in  the  blood,  it  disappears  gradually  from  the 
veins,  arteries,  and  capillaries  of  the  genera^ system ; aud,  finally,  when 
the  whole  of  it  has  been  disposed  of  by  the  nutritive  process,  the  serum 
again  becomes  transparent,  and  the  blood  returns  to  its  ordinary  condi- 
tion. 

In  this  manner  the  nutritive  elements  of  the  food,  prepared  for  ab- 
sorption by  the  digestive  process,  are  taken  up  into  the  circulation  under 
the  different  forms  of  albuminose,  sugar,  and  chyle,  and  accumulate  as 
such,  at  certain  times,  in  the  blood.  But  these  conditions  are  tempo- 
rary aud  transitional.  The  nutritive  materials  soon  pass  by  transfor- 
mation into  other  forms,  and  become  assimilated  to  the  pre-existing 
elements  of  the  circulating  fluid.  In  this  way  they  accomplish  finally 
the  object  of  digestion,  and  replenish  the  blood  by  a supply  of  new 
materials  from  without. 


CHAPTER  X. 

THE  BILE. 


The  first  peculiarity  of  the  liver,  as  compared  with  other  secreting 
organs,  is  that  it  is  supplied  with  blood  at  the  same  time  from  two  dif- 
ferent sources  ; namety,  from  the  hepatic  artery  and  the  portal  vein. 
The  ramifications  of  the  hepatic  artery  are  especially  distributed  to  the 
walls  of  the  hepatic  ducts,  to  those  of  the  portal  vein,  to  the  capsule  of 
Grlisson,  and  to  the  peritoneal  covering  of  the  organ ; while  those  of  the 
portal  vein  pass  in  a peculiar  manner  into  the  glandular  parenchyma, 
and  after  traversing  its  substance  as  a capillary  plexus  become  continu- 
ous with  the  rootlets  of  the  hepatic  vein.  Beside  arterial  blood,  accord- 
ingly, which  it  receives  in  common  with  the  other  abdominal  organs, 
in  moderate  quantity,  it  is  supplied  with  an  abundance  of  venous  blood, 
collected  by  the  portal  system  from  the  stomach,  the  spleen,  the  pancreas 
and  the  intestinal  canal. 

Secondly,  the  liver  is  distinguished  by  its  large  size.  While  the 
weight  of  all  the  salivary  glands  taken  together,  in  the  human  species, 
is  but  little  over  100  grammes,  and  that  of  the  pancreas  about  75 
grammes,  the  liver  forms  a compact  vascular  and  glandular  organ, 
weighing  nearly  or  quite  1600  grammes,  and  occupying  a considerable 
portion  of  the  abdominal  cavity. 

Lastly,  the  liver  is  peculiar  in  its  texture,  and  differs  so  much  in  this 
respect  from  the  other  secretory  organs,  as  to  require  a special  descrip- 
tion. As  in  other  instances,  the  secreting  apparatus  consists  essentially 
of  glandular  cells  and  capillary  bloodvessels,  with  the  ducts  which  col- 
lect and  transport  the  secreted  fluid  ; but  these  elements,  instead  of 
being  arranged  as  elsewhere  in  distinct  groups  of  tubular  or  rounded 
follicles,  are  closely  united  with  each  other,  forming  on  all  sides  a con- 
tinuous mass  by  their  mutual  contact  and  adhesion. 

The  substance  of  the  liver,  in  man  and  in  the  quadrupeds  generalty, 
is  divided  into  pentagonal  or  hexagonal  masses  or  islets,  about  1.5  milli- 
metre in  diameter,  which  are  known  by  the  name  of  the  hepatic  lobules. 
These  lobules,  however,  are  not  distinctly  separated  from  each  other, 
but  are  simply  made  visible  by  the  relative  arrangement  of  the  afferent 
and  efferent  bloodvessels.  Each  lobule  is  embraced  upon  its  external 
surface  by  the  terminal  branches  of  the  portal  vein,  which  ramify  be- 
tween the  lobules  lying  adjacent  to  each  other.  These  vessels  are 
accordingly  known  as  the  interlobular'  veins.  From  the-  side  of  the 
interlobular  vein,  minute  vessels  pass  into  the  substance  of  the  lobule, 
and  there  form  by  their  division  and  inosculation  an  abundant  capillary 
14  ( 201  ) 


202 


THE  BU,E. 


plexus,  the  vessels  of  which  have  a general  convergent  direction  from 
the  periphery  toward  the  centre.  At  the  middle  part  of  the  lobule  they 
unite  to  form  the  commencement  of  an  efferent  vessel  which,  from  its 

central  or  interior  posi- 


Fig.  65. 


Hepatic  Lobule,  In  transverse  section,  showing 
the  distribution  of  its  bloodvessels —o,  a.  Interlobular 
veins,  b.  Intralobular  vein,  c,  c,  c.  Plexus  of  Capillary 
bloodvessels  in  the  substance  of  the  lobule,  d,  d.  Twigs 
of  interlobular  vein,  passing  to  adjacent  lobules. 


tion,  is  termed  the  intra- 
lobular vein.  This  root- 
let continues  its  course 
until  it  joins  one  of  the 
smaller  branches  of  the 
hepatic  vein.  Each  lobule 
may  therefore  be  con- 
sidered as  a more  or  less 
ovoid,  cylindrical  or  pris- 
matic mass,  resting  upon 
a branch  of  the  hepatic 
vein,  and  attached  to  this 
vessel  by  its  own  intra- 
lobular vein,  which  passes 
through  its  axis  and  re- 
ceives the  blood,  collected 
from  its  capillary  vessels  ; 
while  it  is  encircled  by 
terminal  branches  of  the 
portal  vein  supplying  the 
blood  for  its  interior  cir- 
culation. 


Beside  its  capillary  bloodvessels,  the  mass  of  the  lobule  is  made  up 
mostly  of  glandular' cells.  These  cells  are  generally  of  a five-  or  six- 

sided  prismatic  form,  often  with 


Fig.  66. 


one  or  two  of  their  borders  ex- 
cavated by  curvilinear  furrows 
at  the  points  where  they  are  in 
contact  with  a capillary  blood- 
vessel. They  are,  on  the  aver- 
age, 22  mmm.  in  diameter,  of  a 
finely  granular  aspect,  usualli', 
in  the  human  subject,  containing 
one  or  more  minute  fat  globules, 
and  provided  with  a well-marked 
round  or  oval  nucleolated  nu- 
cleus. The  cells  are  every- 
where in  contact  with  each 
other  by  their  plane  surfaces, 
and  each  one  is  also  in  direct 
relation  at  several  points  with 
a capillary  bloodvessel.  Thus 
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the  union  of  these  two  elements  is  intimate  and  complete  throughout 
the  substance  of  the  hepatic  lobule. 

There  is  an  equally  close  connection  between  the  glandular  substance 
of  the  liver  and  the  biliary  ducts.  The  main  hepatic  duct,  which  with 
its  ramifications  accompanies  the  divisions  of  the  portal  vein,  breaks  up 
into  branches  which  finally  reach  the  interlobular  spaces.  The  biliary 
ducts  in  the  human  liver  which  have  a larger  diameter  than  about  200 
mmm.  are  lined  with  cells  of  cylindrical  epithelium ; while  in  those 
which  are  below  100  mmm.  in  diameter,  the  form  of  the  cells  changes 
gradually  to  that  of  pavement  epithelium.  The  biliary  ducts  which 
occupy  thq  interlobular  spaces  are  of  the  smaller  variety,  being  not 
more  than  50  mmm.  in  diameter,  and  are  lined  accordingly  with  pave- 
ment epithelium.  They  break  up  into  communicating  branches  which 
cover  the  surface  of  the  lobule  with  a plexus  of  biliary  canaliculi. 


Fig.  67. 


Finer  Biliary  Canals  and  Biliary  Ducts,  from  the  frog’s  liver. — a.  Small 
biliary  duct,  with  its  lining  of  epithelium  cells.  6,  c.  Terminal  branches  of  the  minute  bili* 
ary  canals,  surrounded  by  glandular  cells,  d.  Transverse  communicating  branch  between 
two  biliary  canals,  e,  e.  Sheath  of  glandular  secreting  cells,  surrounding  the  biliary  canals. 
/.  Sect  ion  of  capillary  bloodvessel.  (Eberth.) 

From  this  superficial  plexus  the  finest  biliary  tubes  penetrate  into  the 
substance  ot  the  lobule  and  there  inosculate  with  each  other  between 
the  glandular  secreting  cells.  In  the  liver  of  the  amphibia  (frogs  and 
water-lizards),  as  shown  by  the  investigations  of  Hering  and  Eberth,  the 
ultimate  structure  of  the  secreting  apparatus  is  not  essentially  different 
from  that  of  other  lobulated  glands.  The  smaller  biliary  ducts,  lined 
with  pavement  epithelium,  give  off  minute  branches  which  communicate 
with  each  other  more  or  less  abundantly  and  are  themselves  in  contact 
everywhere  with  the  large  glandular  cells;  each  terminal  branch  being 
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surrounded  by  a single  slieatli  of  such  glandular  cells,  which  stand  in 
place  of  the  epithelial  lining  of  a tube  or  follicle. 

In  the  liver  of  the  warm-blooded  quadrupeds,  the  texture  of  the  organ 
is  more  compact,  the  glandular  cells  and  capillary  bloodvessels  more 
closely  united,  and  especially  the  finest  biliary  passages  in  the  substance 
of  the  lobule  are  more  abundant  and  inosculate  more  frequently  with 
each  other.  From  the  plexus  of  biliary  canaliculi  upon  the  surface  of 
the  lobule,  already  described,  branches  of  much  smaller  size  penetrate 
into  its  interior,  and  these  inosculate  so  abundantly  by  transverse  com- 
munications that  they  encircle  each  glandular  cell  in  the  meshes  formed 
by  their  network.  These  interior  communicating  passages  are  the  capil- 
lary bile-ducts.  They  are  much  smaller  than  the  capillary  bloodvessels, 
being  in  the  rabbit’s  liver,  according  to  Kolliker,  not  more  than  2 mmm. 
in  diameter,  regularly  cylindrical  in  form,  and  without  any  perceptible 
dilatations  at  the  points  of  inosculation.  1 hey  embrace  the  glandular 
cells  in  such  a way  that  they  are  always  situated  at  the  greatest  possible 
distance,  that  is,  half  the  diameter  of  a cell,  from  the  nearest  capillary 
bloodvessel ; the  bloodvessels  running  along  the  borders  or  angular 
edges  of  the  prismatic  cells  (Kolliker),  while  the  capillary  bile-ducts 
pass  along  the  middle  of  their  plane  surfaces.  Thus,  the  two  sets  of 

canals,  namely,  capillary  blood- 


Fig.  68. 


vessels  and  bile-ducts,  form  a 
double  series  of  inosculating 
passages  embracing  the  gland- 
ular cells,  the  meshes  of  which 
are  always  directed  nearly  or 
quite  at  right  angles  to  each 
other. 

-The  intralobular  capillary  bile 
ducts,  above  described,  as  de- 
monstrated by  injections,  have 
been  regarded  by  some  authori- 
ties as  artificially  produced  by 
the  accidental  extravasation  of 
the  injection  fluid  and  its  infiltra- 
tion between  the  glandular  cells. 
But  the  existence  of  these  ducts 
as  a natural  formation  has  been 
corroborated  by  too  many  ob- 
servers to  leave  it  a matter  of 
doubt,  especially  considering  the 
regular  and  uniform  arrange- 
ment under  which  they  present  themselves.  Their  situation  is  also 
against  the  hypothesis  of  their  artificial  or.gin,  since  they  are  not  place 
at  the  Angular  border,  of  the  glandular  cells,  .here  - 
fluid  would  naturally  find  its  way,  but  run  along  the  ,n,dd le  of  then 
plane  surfaces  where  they  lie  in  close  contact  with  each  other,  and. 


Tuaubtmsj  Section  op  Part  op  a 
Lobule  prom  the  Rabbit’s  Liver. 
a,  a, a.  Nucleated  glandular  cells.  b,b,b  Capil- 
lary bile-ducts  passing  between  the  adjacent 
cells.  c,c,c.  Sections  of  capillary  bloodvessels. 
(Genth.) 
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finally,  Kolliker  has  found  that  the  capillary  bile  ducts  in  the  liver  of 
the  rabbit  may  become  visible  in  their  usual  positions  in  thin  sections 
hardened  in  alcohol,  where  no  injection  has  been  practised.  They  are, 
therefore,  to  be  regarded  as  the  finest  commencing  ramifications  of  the 
biliary  canals,  which  receive  the  secreted  fluids  directly  from  the  sub- 
stance of  the  glandular  cells. 

Physical  and  Chemical  Characters  of  the  Bile. — The  bile  is  distin- 
guished from  all  the  other  secretions  discharged  into  the  alimentary 
canal  principally  by  the  fact  that  it  does  not  contain  any  albuminous 
ingredient  analogous  to  those  of  the  saliva,  the  gastric,  pancreatic,  or 
intestinal  juices;  its  most  important  constituents  being  nitrogenous 
crystallizable  substances,  together  with  cholesterine  and  coloring  mat- 
ters. Bile  taken  from  the  gall-bladder  contains,  it  is  true,  a certain 
amount  of  mucus,  which  gives  it  more  or  less  of  a ropy  and  viscid  charac- 
ter ; but  this  mucus  is  secreted  by  the  gall-bladder  itself,  and  bile  taken 
from  the  gall-ducts  in  the  substance  of  the  organ  is  always  perfectly 
fluid  and  watery  in  consistency.  Furthermore,  the  gall-bladder  is  by 
no  means  constantly  present,  even  in  the  higher  animals,  being  absent, 
according  to  W agner,  in  the  horse,  the  camel,  most  of  the  pachyderm  at  a 
and  several  of  the  gnawing  animals,  and  at  the  same  time  present  in 
many  closely  allied  species.  The  bile  accordingly,  in  its  essential  in- 
gredients, differs  in  a marked  degree  from  the  digestive  secretions 
proper. 

The  bile,  as  it  comes  from  the  gall-bladder,  is  a clear,  more  or  less 
tenacious  and  ropy  fluid,  neutral  in  reaction,  with  a faint  and  rather 
indefinite  animal  odor.  If  it  be  shaken  up  with  air,  or  if  air  be  blown 
into  it  through  a narrow  tube,  it  easily  foams  up  into  a frothy  mixture 
which  remains  for  a long  time  on  the  surface  of  the  fluid.  This  property 
of  frothing  upon  agitation  with  air  does  not  depend  upon  the  mucus  which 
it  contains,  but  upon  the  biliary  salts  proper,  namely,  the  sodium  glyco- 
cholate  and  taurocholate ; since  these  salts  in  a pure  watery  solution 
exhibit  the  same  property. 

Its  specific  gravity  is  rather  high,  as  compared  with  that  of  the  other 
secretions.  In  ox-bile,  we  have  found  it  to  be  1024,  in  pig’s  bile  1030 
to  1036.  Ihe  specific  gravity  of  human  bile,  according  to  Robin,  is 
from  1020  to  1026  ; according  to  Jacobsen,  in  bile  from  a biliary  fistula, 
but  little  over  1010.  We  have  found  it,  in  bile  taken  from  the  gall- 
bladder, 1018. 

Its  color  varies,  in  different  species  of  animals,  from  a reddish-orange 
to  a nearly  pure  green,  and  in  different  instances  presents  all  the  inter- 
mediate tints  of  golden-yellow,  reddish-brown,  olive-brown,  olive,  yel- 
lowish-green, and  bronze-green.  It  may  be  described  in  general  terms  as 
a greenish-bronze,  with  sometimes  more  or  less  of  an  orange  tint. 
Human  bile  from  a biliary  fistula  was  found  by  Jacobsen  to  be  of  a 
clear  yellowish  bronze-green;  that  taken  from  the  gall-bladder  after 
death  is  usually  of  a dark  golden-brown.  Dog’s  bile  is  of  a brownish- 
olive  or  bronze  color ; pig’s  bile  of  a reddish-orange  or  reddish-brown ; 
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and  sheep  and  ox-bile  of  a greenish-olive,  or  more  frequently  of  a pure 
green.  As  a general  rule,  the  bile  of  the  herbivorous  animals  is  more 
decidedly  green  in  hue,  that  of  the  carnivora  and  omnivora  orange  or 
brown.  All  these  differences  may  be  referred  to  two  main  classes  of 
tints,  corresponding  with  two  different  coloring  matters;  in  one  of  which 
the  predominating  color  is  red  or  reddish-brown,  dependent  on  biliru- 
bine , while  in  the  other  it  is  green  owing  to  the  presence  of  biliverdme. 
As  the  proportion  of  these  two  substances  varies  in  any  given  specimen, 
it  will  exhibit  a corresponding  color  of  the  pure  or  mingled  tints. 

The  color  of  the  bile  is  also  modified  by  oxidizing  agents,  which  pro- 
duce a green  hue  in  bile  which  was  originally  olive  or  brown,  and 
increase  the  intensity  of  the  green  tint  when  this  color  is  already  pre- 
sent. If  brown  or  olive-colored  bile  be  exposed  to  the  air  for  a short 
time,  its  surface  becomes  green  by  contact  with  the  atmosphere.  The 
same  change  may  be  instantly  produced  by  adding  to  the  bile  a few 
drops  of  a watery  solution  of  iodine ; and  a little  nitric  acid  acts  with 
great  energy,  developing  a bright  grass-green  hue.  These  changes 
depend  upon  the  oxidation  of  the  bilirubine,  and  its  consequent  con- 
version into  biliverdine. 

The  green  color  of  bile  also  disappears  rapidly  when  excluded  from 
all  sources  of  oxidation.  If  ox-bile,  of  a pure  green  or  olive-green  hue, 
be  inclosed  in  a perfectly  full  and  securely  stoppered  vessel,  so  as  to  be 
entirely  protected  from  the  air,  it  gradually  loses  its  green  color  and 
becomes  of  a dull  yellow.  This  change  progresses  from  the  external 
parts  of  the  liquid  toward  its  centre,  until  at  the  end  of  twelve,  twenty- 
four,  or  thirty-six  hours  the  whole  of  it  has  become  of  a light  yellow  or 
yellowish-brown.  In  this  condition  the  green  hue  may  be  again  restored 
by  the  addition  of  iodine,  or  by  exposing  the  bile  in  thin  layers  to  the 
air.  The  green  color  of  the  bile  accordingly  appears  to  be  dependent 
on  continued  oxidation. 

The  bile  presents,  in  addition,  certain  remarkable  optical  properties 
which  distinguish  it  from  other  animal  fluids. 

In  the  first  place,  it  is  dichroic ; that  is,  it  has  two  different  colors 
by  transmitted  light,  according  to  the  thickness  of  its  mass.  If  ox-bile, 
which  is  of  a pure  transparent  green  by  ordinary  daylight  in  layers  of 
two  or  three  centimetres,  be  viewed  by  strong  sunlight  in  a thickness 
of  five  or  six  centimetres,  it  is  red.  In  this  respect  it  resembles  a solu- 
tion of  chlorophylle,  which  presents  the  contrast  of  the  same  two  colors 
in  a very  marked  manner. 


Secondly,  the  bile  is  fluorescent  ;l  that  is,  it  becomes  faintly  luminous 

1 This  property,  so  called  from  fluor  spar,  in  which  it  was  first  observed,  is 
tkwn  hv  various  transparent  substances,  when  illuminated  by  solar  light,  or  y 


is  periecwy  euiuncoa  ■ - - 

the  sun’s  rays  are  concentrated  upon  it  by  a lens;  and  it  exhibits  a distinct  lunn 

nosity  in  both  the  violet  and  ultra-violet  parts  of  the  spectrum. 
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with  a color  of  its  own,  when  viewed  by  the  rflore  refrangible  rays  of 
the  solar  spectrum.  If  a specimen  of  bile,  of  a clear  greenish  color,  be 
placed  in  the  track  of  either  the  violet  or  blue  rays  of  the  solar  spec- 
trum, it  becomes  visible  with  a light  yellowish-green  tint.  In  the  green 
it  is  more  yellowish ; and  in  the  yellow  it  has  a distinct  tinge  ot  led  , 
while  in  the  red  ray  its  fluorescence  is  hardly  perceptible.  Thus  in  all 
parts  of  the  spectrum  where  it  exhibits  this  property,  it  emits  a light 
of  less  refrangibility  than  that  of  the  ray  by  which  it  is  illuminated. 
The  property  of  fluorescence  is  also  manifested,  to  a remaikable  degiee, 
by  solutions  of  cliloropkylle,  which,  although  of  a clear  green  color  by 
diffused  daylight,  are  of  a pure  red,  when  viewed  by  either  the  violet, 
blue,  green,  or  yellow  rays  of  the  spectrum. 

The  fluorescence  of  bile,  however,  does  not  depend  altogether  upon 
its  coloring  matter,  but  is  due  mainly  to  the  presence  of  the  biliary  salts, 
since  it  is  exhibited  in  an  equal  degree  by  watery  or  alcoholic  solutions 
of  sodium  taurocholate  and  glycocholate ; the  only  difference  being  that 
the  color  of  these  solutions  by  the  violet  and  blue  rays  is  nearly  pure 
yellow  instead  of  yellowish-green. 

Thirdly,  the  spectrum  of  bile  is  distinguished  by  certain  peculiar 
characters  and  absorption  bands,  dependent  upon  its  coloring  matter.' 
All  the  more  refrangible  rays  are  absorbed  with  great  intensity,  so  that 
the  visible  spectrum  is  very  short,  terminating  usually  within  the  limits 
of  the  green,  about  midway  between  the  lines  E and  F.  A portion  of 
the  green,  accordingly,  and  the  whole  of  the  blue,  indigo,  and  violet  are 
completely  absorbed,  even  when  the  bile  is  viewed  in  a layer  only  one 
centimetre  in  thickness.  In  dog’s  and  pig’s  bile  the  spectrum  some- 
times terminates  in  the  first  half  of  the  green,  at  or  just  beyond  the 
situation  of  the  line  E ; and  in  human  bile  even  within  this  point,  about 
the  commencement  of  the  green  part  of  the  spectrum. 

Another  peculiarity  of  the  spectrum  of  bile  is  that  its  light  does  not 
fade  away  gradually  toward  the  more  refrangible  portions,  as  is  the 
case  with  most  other  colored  fluids,  but  it  terminates  suddenly^  so  that 
the  light  is  cut  off  abruptly. at  the  situations  above  mentioned,  thus 
making  a strong  contrast  with  the  complete  darkness  immediately 
beyond  its  limits.  This  peculiarity  is  perceptible  in  bile  of  all  shades 
of  green,  olive,  yellow,  or  reddish-brown. 

1 If  any  colored  fluid  be  placed  before  the  slit  of  a spectroscope,  so  that  the 
light  which  passes  through  it  is  afterward  dispersed  by  the  prism  of  the  instru- 
ment, to  form  a spectrum,  it  is  found  that  it  absorbs  the  light  of  the  different 
colors  with  different  degrees  of  intensity.  When  the  absorption  of  light  in  any 
particular  part  of  the  spectrum  is  so  strong  as  to  cause  at  that  spot  a decided 
dimness  in  comparison  with  the  neighboring  regions,  it  is  called  an  “ absorption 
band,"  and  is  characteristic  of  the  fluid  which  produces  it.  The  situation  of  an 
absorption  band  is  usually  indicated  by  reference  to  Frauenhofer’s  lines  of  the 
solar  spectrum,  known  as  A,  15,  0,  D.  E,  F,  G,  and  H. 
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The  spectrum  of  bile  shows  furthermore  three  absorption  bands,  situ- 
ated in  the  red,  the  orange,  and  the  yellow. 

The  first  is  a dark  and  strongly  marked  band  in  the  red,  at  the  situa- 
tion of  the  line  C,  but  extending  usually  a considerable  distance  to  the 
left  toward  B.  Its  width  varies  with  the  thickness  of  the  layer  of  fluid 
examined,  but  when  this  is  increased  beyond  a certain  limit  the  whole 
of  the  red  disappears,  so  that  the  absorption  of  light  at  this  spot  is  no 
longer  visible  as  a distinct  band  with  red  on  each  side  of  it.  The  band 
itself  rarely  reaches  the  situation  of  the  line  B,  and  seldom  or  never 
passes  beyond  it  without  extinguishing  at  the  same  time  all  the  red 
light  of  the  spectrum.  In  layers  of  two  or  three  centimetres’  thickness 
it  is  quite  dark,  often  almost  black,  while  the  red  on  each  side  of  it  is 
still  very  brilliant. 

Asa  rule,  the  intensity  of  the  absorption  band  at  C is  in  proportion  to 
the  preponderance  of  green  in  the  color  of  the  bile.  Though  easily  seen, 
in  comparatively  thin  layers,  in  specimens  of  a pure  green  or  a decided 
greenish-olive  color,  it  is  less  perceptible  in  specimens  of  a yellowish, 
yellowish-brown,  or  olive-brown  tint.  But  if  a specimen  of  reddish  or 
yellowish-brown  bile,  which  does  not  show  the  band  distinctly,  be  turned 
green  by  the  addition  of  a few  drops  of  an  iodine  solution,  the  band  at 
C at  once  becomes  visible,  often  to  a very  marked  degree. 


Fig.  69. 


Spectrum  of  Green  (Sheep’s)  Bile. 


It  would  appear  from  this  that  the  band  at  C in  the  specti  um  of  bile 
is  probably  due  to  the  presence  of  its  green  rather  than  its  red  coloring 
matter.  As  the  bilirubine  is  well  known  to  be  converted  by  oxidizing 
agents  into  biliverdine,  and  as  this  change  is  accompanied  by  the 
appearance  of  the  C band  when  it  was  not  previously  visible,  it  is  evi- 
dent that  the  band  in  question  belongs  to  the  green  coloring  matter. 
At  the  same  time  it  is  occasionally  to  be  seen  in  the  spectrum  of  dogs 
bile  which  is  olive-brown  or  even  brownish-yellow  in  hue  ; its  intensity 
in  these  cases  being  much  increased  by  turning  the  bile  of  a decided 
green  with  iodine. 

The  absorption  band  at  C is  a normal  characteristic  of  the  bile,  and  is 
not  dependent  on  post-mortem  changes  in  the  secretion.  We  have  seen 
it  distinctly  marked  in  the  spectrum  of  perfectly  fresh  sheep’s  bile, 
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examined  within  fifteen  minutes  after  the  animal  was  killed  and  the  gall- 
bladder taken  out  of  the  abdomen. 

The  two  other  absorption  bands  of  bile  are  exceedingly  faint  in  com- 
parison with  the  first,  and  much  less  constant  in  their  occurrence.  One 
of  them,  very  dim  and  ill-defined,  is  situated  at  the  junction  of  the  orange 
and  yellow,  immediately  to  the  left  of  the  line  D,  occupying  about  the 
last  third  of  the  space  between  C and  D.  The  remaining  band  is  much 
narrower  than  either  of  the  others,  but  a little  more  distinctly  defined 
than  the  second.  It  is  situated  at  about  one-third  the  distance  between 
U and  E.  The  last  two  absorption  bands  are  more  frequently  visible  in 
sheep’s  bile  than  in  that  of  other  animals  ; but  all  three  may  be  some- 
times seen  in  a watery  solution  of  desiccated  ox-bile  which  has  been 
kept,  in  the  form  of  a dry  powder,  for  several  years. 

Lastly,  the  spectrum  of  bile  exhibits  a remarkable  diminution  in 
intensity  of  the  orange  and  yellow  colors.  As  the  second  absorption 
band  is  situated  at  the  junction  of  these  colors,  it  will  account  for  a 
part  of  this  diminution;  but  the  light  of  the  spectrum  is  also  remark- 
ably dim  in  the  space  between  the  second  and  third  absorption  bands, 
where,  in  the  normal  spectrum,  it  is  at  the  brightest.  This  is  the 
place  naturally  occupied  by  pure  yellow,  but  in  the  great  majority  of 
cases,  in  the  spectrum  of  bile,  there  is  no  pure  yellow  perceptible,  and 
but  little  or  no  orange.  The  situation  of  these  two  colors  is  encroached 
upon  by  the  red  and  green  respectively ; and  in  not  a few  instances,  as 
the  spectrum  terminates  before  the  commencement  of  the  blue,  the  only 
colors  really  perceptible  in  it  are  red  and  green.  The  line  C in  the 
normal  spectrum  is  situated  at  the  junction  of  the  red  and  orange,  and 
yet  the  principal  absorption  band  at  this  point,  when  viewed  in  the 
spectrum  of  bile,  nearly  always  appears  to  be  situated  entirely  in  the 
red,  owing  to  this  color  taking  the  place  of  the  orange  on  the  right  of 
the  line  C.  This  peculiarity  in  the  spectrum  of  bile  shows  itself,  whether 
the  color  of  the  specimen  be  greenish  or  yellowish-brown. 

If  a tolerably  thick  layer  of  bile  be  placed  before  the  spectroscope, 
and  the  slit  of  the  instrument  gradually  opened,  the  first  light  which 
appears  in  the  spectrum  is  a green  light,  in  the  latter  half  of  the  space 
between  D and  E.  On  continuing  to  increase  the  size  of  the  opening, 
it  the  bile  be  deeply  colored,  the  next  to  appear  is  a red  light,  at  the 
extreme  end  of  the  spectrum  between  A and  B ; in  less  concentrated 
specimens  the  red  light  may  show  itself  simultaneously  on  both  sides,  of 
the  absorption  band  at  C.  Afterward  the  green  light  extends  further 
toward  the  left  until  the  spectrum  is  complete. 

The  spectrum  of  bile,  in  its  most  important  feature,  namely,  the  ab- 
sorption band  at  C,  presents  a remarkable  similarity  to  that  of  chloro- 
phylle.  The  band  at  C is  identical  in  the  two  spectra  so  far  as  regards 
its  position  and  general  appearance;  the  only  perceptible  difference 
being  that  in  an  alcoholic  solution  of  chloropliylle  its  edges  are  more 
sharply  defined  than  is  usually  the  case  in  the  spectrum  of  bile.  In 
other  respects,  however,  the  spectrum  of  chloropliylle  differs  from  that 
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of  bile,  since  it  has  three  additional  absorption  bands  less  distinct  than 
at  C,  but  sufficiently  well  marked  and  differently  situated  from  those  oi 
bile.  One  of  these  additional  bands  is  placed  at  about  three-quarters 
the  distance  from  C to  D,  another  a little  to  the  lelt  ol  hi,  and  a tlnid, 


Fig.  70. 


Spectrum  op  Ohioeophyilb  in  Alcoholic  Solution. 


wider  than  the  others,  but  very  faint  and  ill-defined,  about  midway 
between  E and  F.  In  the  spectrum  of  chlorophylle,  also,  notwithstand- 
ing the  strong  absorption  of  light  at  the  situation  of  the  principal 
bands,  the  yellow  of  the  spectrum  appears  in  its  proper  place  and  with 
nearly  its  natural  hue.  An  additional  distinction  of  chlorophylle,  as 
compared  with  that  of  bile,  is  that  its  light  does  not  terminate  abruptly, 
but  fades  more  or  less  gradually  toward  the  refrangible  end. 

The  bile  exhibits  a peculiar  reaction  when  treated  with  nitric  acid , 
owino-  to  the  effect  upon  its  coloring  matter.  If  a moderate  quantity 
of  dilute  nitric  acid  be  added  to  fresh  bile  and  the  mixture  shaken  up, 
the  whole  becomes  of  a bright  grass-green,  the  first  color  produced  by 
oxidation  of  the  bilirnbine  and  biliverdine.  But  if  the  bile  be  brought 
in  contact,  in  a cylindrical  glass  vessel,  with  a layer  of  strong  nitric 
acid,  especially  if  it  contain  a trace  of  nitrous  acid,  and  allowed  to 
remain  without  agitation,  a series  of  colored  rings  are  produced  at  the 
surface  of  contact  of  the  two  liquids,  following  each  other  m a definite 
order,  from  the  bile  to  the  nitric  acid,  as  green,  blue,  violet,  red,  and 
yellow.  These  colors  represent  successive  stages  of  oxidation  auc 
final  destruction  of  the  biliary  coloring  matter.  The  test  is  known  as 
« Gmelin’s  bile  test,”  and  may  be  applied  to  other  animal  fluids  m which 
bilirubine  or  its  derivatives  are  supposed  to  be  present.  _ 

Composition  of  the  Bile. -In  its  immediate  composition  the  bile  is 
especially  destinguished  by  the  presence  of  the  two  peculiar  bdiary  salts, 
namely,  sodium  glycocholate  and  sodium  taurocholate,  which  haie  been 
described  in  Chapter  YI.,  under  their  appropriate  heads.  It  is  evident  ) 
these  substances  which  give  to  the  secretion  its  most  important  charac- 
ters They  vary  in  relative  quantity  in  the  bile  of  different  animals, 
and  perhaps  also  in  that  of  the  same  species  at  different  times  J 3 
are  produced,  like  the  coloring  matters,  in  the  substance  of  the  liver 
itself,  while  other  ingredients  of  the  secretion,  such  as  the  vanous  m 
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eral  salts,  fatty  matters  and  cholesterine,  occur  in  other  parts  of  the 
system,  and  are  supplied  to  the  liver,  ready  formed,  in  the  blood.  In 
the  inferior  animals,  bile  can  be  obtained,  for  purposes  of  analysis,  in  a 
state  of  freshness  and  purity,  from  the  gall-bladder  of  the  recently 
slaughtered  animal;  but  in  man  it  is  usually  more  or  less  altered  in 
character  by  remaining  in  the  gall-bladder  for  some  hours  after  death. 
It  was  obtained  in  a case  of  accidental  biliary  fistula  in  the  human  sub-, 
ject  by  Jacobsen,  who  found  that  the  entire  solid  ingredients  amounted 
to  about  22.5  parts  per  thousand ; a little  over  one-third  consisting  of 
mineral  salts,  the  remaining  two-thirds  of  organic  matters.  Sodium 
glvcocholate  was  invariably  present,  the  taurocholate  being  less  con- 
stant; and  the  fluid  always  contained  both  bilirubine  and  bilivcrdine. 
The  proportions  of  all  the  different  ingredients,  according  to  the  results 
of  his  analyses,  were  as  follows : — 


Composition  of  Human  Bile,  according  to  the  Analyses  of  J acobsen. 


Organic 

matters 


Mineral 

salts 


Water 

. 977.40 

Sodium  glycocbolate  . 

9.94 

Cholesterine  .... 

0.54 

Free  fats 

0.10 

Sodium  palmitate  aud  stearate  . 

1.36 

Lecithine 

0.04 

Other  organic  matters 

2.26 

Sodium  chloride 

5.45 

Potassium  chloride  . 

0.28 

Sodium  phosphate 

1.33 

Lime  phosphate 

0.37 

Sodium  carbonate 

0.93 

1000.00 

In  ox-bile,  as  shown  by  the  previous  analyses  of  Berzelius,  Frerichs, 
and  Lehmann,  the  proportion  of  both  mineral  and  organic  ingredients 
may  be  very  much  greater  than  the  above,  the  biliary  salts  themselves 
amounting  to  90  parts  per  thousand.  According  to  Bobin1  they  may 
exist,  even  in  human  bile,  in  the  proportion  of  56  to  106  per  thousand 
parts. 

Tests  for  the  Biliary  Salts. — In  testing  for  the  existence  of  bile  in 
other  animal  fluids,  a distinction  must  be  made  between  those  reactions 
which  indicate  only  the  presence  of  the  coloring  matters,  and  those 
which  are  appropriate  for  the  detection  of  the  biliary  salts  proper.  The 
optical  properties  of  bilirubine  and  biliverdine,  already  described,  and 
especially  the  colors  produced  by  the  action  of  nitric  acid,  constitute  a 
test  for  these  coloring  matters  alone.  They  do  not  indicate  the  presence 
of  the  most  essential  ingredients  of  the  secretion,  which  may  be  con- 
tained in  an  animal  fluid  unaccompanied  by  the  coloring  matters,  or,  on 
the  other  hand,  may  be  absent  where  the  coloring  matters  are  to  be 


1 Leqons  sur  les  Humcurs.  Paris,  1874,  p.  656. 


212 


THE  BILE. 


found  in  appreciable  quantity.  Other  tests  are  therefore  necessary  in 
investigations  for  the  biliary  salts  proper. 

The  ordinary  characters  of  the  biliary  salts  are  that  they  are  soluble 
in  water  and  in  absolute  alcohol,  and  insoluble  in  ether;  and  that  they 
will  gradually  crystallize  in  the  form  of  radiating  needles,  if  precipitated 
from  their  alcoholic  solution  by  the  addition  of  ether  in  excess.  Fur- 
• thermore,  they  are  both  precipitable  from  their  watery  solutions  by  the 
tribasic  lead  acetate,  while  the  sodium  glycocholate  is  also  precipitable 
by  the  neutral  acetate  of  the  same  metal. 

PettenkofePs  Test. — The  biliary  salts  accordingly,  when  in  consider- 
able quantity,  may  be  recognized  by  the  above-named  properties ; but 
when  present  in  smaller  proportions  they  are  to  be  detected  by  the 
reaction  known  as  PettenJcofer’s  test.”  This  consists  in  the  production 
of  a red  color,  changing  to  a purple  or  violet,  on  the  addition  of  cane 
sugar  and  sulphuric  acid.  The  test  is  applied  in  the  following  way : 
One  part  of  cane  sugar  is  dissolved  in  four  parts  of  water.  Of  this 
saccharine  liquid,  one  drop  is  added  to  each  cubic  centimetre  of  the  solu- 
tion of  biliary  salts.  The  sugar  should  not  be  used  in  larger  quantity, 
because  it  might  in  that  case  give  a perceptible  brown  tinge  under  the 
action  of  sulphuric  acid  and  heat.  The  admixture  of  the  sugar  pro- 
duces no  visible  change  in  the  solution  of  biliary  salts.  On  adding  a 
few  drops  of  pure  sulphuric  acid,  the  biliary  acids  are  decomposed,  form- 
ing cholic  acid.  If  the  biliary  salts  were  originally  present  in  the  solu- 
tion in  a proportion  of  not  more  than  one  part  in  500,  the  fluid  remains 
clear  ; if  in  larger  quantity,  the  cholic  acid  is  precipitated,  forming  a 
whitish  turbidity.  This  turbidity  is  again  cleared  up  on  the  continued 
addition  of  sulphuric  acid  ; and  in  the  course  of  a few  minutes,  a cherry- 
red  color  appears,  which  rapidly  changes  to  a violet,  and  subsequently, 
if  the  biliary  salts  be  present  in  the  proportion  of  one  part  in  500,  or 
over,  to  a deep  rich  purple.  In  very  dilute  solutions,  the  violet  or  purple 
color  may  not  be  distinctly  visible  before  the  end  of  an  hour. 

The  precautions  necessary  to  observe  in  using  this  test  are  as  follows: 
First,  the  liquid  to  be  examined  should  be  free  from  other  organic  sub- 
stances, particularly  albuminous  and  coloring  matters,  which  might 
themselves  cause  discoloration  of  the  mixture.  For  this  purpose,  the 
suspected  fluid  should  always  be  first  evaporated  to  dryness,  the  dry 
residue  extracted  with  absolute  alcohol,  the  alcoholic  solution  decolorized, 
if  necessary,  with  animal  charcoal,  then  precipitated  with  ether  in  excess, 
and  the  ether  precipitate  finally  dissolved  in  water.  This  gives  a clear, 
colorless  solution,  free  from  other  organic  contamination.  Secondly, 
as  the  liquid  becomes  heated  by  the  liberal  admixture  of  sulphuric  acid 
with  the  watery  solution,  its  temperature  should  not  be  allowed  to  rise 
above  10°  (158°  F.)  nor  to  fall  much  below  this  point.  The  test-tube 
may  therefore  be  cooled  by  occasionally  moistening  it  in  cold  water. 
Thirdly,  the  addition  of  the  sulphuric  acid  should  be  made  slowly,  and 
should  be  stopped  as  soon  as  a red  tint  begins  to  show  itself,  the  mix- 
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ture  being  allowed  to  remain  at  rest  until  the  violet  and  purple  colors 
are  developed. 

There  are  various  other  substances  which  yield  a red,  violet,  or  purple 
color,  when  treated  with  sugar  and  sulphuric  acid.  Among  these  are 
oleine,  oleic  acid,  ethereal  oil,  amyl-alcohol,  albuminous  matters  and  the 
salts  of  morphine  and  codeine.  Albumen  of  the  blood,  white  of  egg, 
and  th,e  opium  alkaloids  in  the  proportion  of  ten  parts  per  thousand,  if 
treated  with  Pettenkofer’s  test,  all  produce  a color  undistinguisliable 
from  that  obtained  with  the  biliary  salts.  These  substances,  however, 
with  the  exception  of  morphine,  may  all  be  excluded  by  previously 
treating  the  fluid  as  above  described  ; namely,  evaporating  to  dryness, 
extracting  with  alcohol,  precipitating  with  ether,  and  dissolving  the 
precipitate  in  water.  The  salts  of  morphine  might  still  remain,  as  they 
are  soluble  both  in  water  and  in  alcohol,  and  may  be  precipitated  by 
ether  from  their  alcoholic  solution.  This  substance,  however,  is  very 
unlikely  to  be  present  in  an  extract  of  the  animal  fluids,  especially  in 
the  proportion  of  ten  parts  per  thousand. 

Pettenkofer’s  test  is  a very  delicate  one  for  either  or  both  of  the 
biliary  salts.  A watery  solution  of  pure  sodium  glycocholate,  made  in 
the  proportion  of  1 part  to  2000,  yields,  at  the  end  of  fifteen  minutes,  a 
clear  violet  pink  color,  if  the  test  be  applied  with  care;  and  a solution 
of  sodium  taurocholate,  in  the  proportion  of  1 part  to  3000,  will  give  a 
similar  color  at  the  end  of  an  hour.  The  general  characters  of  the  test 
are  the  same  in  both  cases,  as  the  reaction  is  really  produced  by  cholic 
acid,  derived  from  the  decomposition  of  either  the  glycocholic  or  tauro- 
cholic  acid  of  the  original  biliary  salts. 


Fig.  71. 


Spectrum  of  Pettenkofer’s  Test,  with  the  Biliary  Salts  in  watery  solution. 


The  spectrum  of  Pettenkofer’s  test  presents  certain  characters  which 
may  be  of  service  in  distinguishing  it  from  the  reactions  produced  by 
other  organic  substances.  If  either  or  both  of  the  biliary  salts,  dis- 
solved in  water,  be  treated  with  sugar  and  sulphuric  acid  until  a violet 
or  purple  color  is  produced,  and  the  colored  fluid  then  placed  before  the 
slit  of  the  spectroscope,  its  spectrum  shows  a wide  and  dark  absorption 
band  at  E,  extending  usually  from  midway  between  D and  E to  a 
quarter  part  the  distance  between  E and  E,  the  central  parts  of  the 
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banc!  being  darker  than  the  edges.  Beyond  the  absorption  band,  the 
light  of  the  spectrum  is  dim,  fading  gradually  and  terminating  some- 
where about  the  line  G. 

When  the  purple  color  produced  by  Pettenkofer’s  test  with  the  biliary 
salts  is  very  pronounced,  it  is  usually  found  that  the  fluid  is  altogether 
too  opaque  for  spectroscopic  examination,  even  in  a layer  of  only  one 
centimetre.  But  if  it  be  diluted  with  water,  it  becomes  turbid,  owing 
to  a re-precipitation  of  cholic  acid,  and  the  purple  color  disappears. 
This  difficulty,  however,  may  be  obviated  by  using  a solution  of  the 
biliary  salts  which  is  sufficiently  dilute  in  the  first  instance.  If  sodium 
glycocholate  be  dissolved  in  water,  in  the  proportion  of  1 part  to  500,  and 
the  solution  treated  with  Pettenkofer’s  test,  it  gives  in  a few  moments 
a clear  violet-pink  color,  w'hich  afterward  becomes  a rich  purple.  This 
fluid  is  so  opaque  that,  when  placed  before  the  slit  of  the  spectroscope 
in  a layer  of  one  centimetre,  it  extinguishes  completely  everything  but 
the  red ; and  yet  it  may  be  diluted  with  water  without  showing  any  tur- 
bidity or  losing  its  color.  A watery  solution  of  this  strength  is  amply 
sufficient  to  exhibit  the  reaction  of  Pettenkofer’s  test  and  the  spectro- 
scopic appearances  belonging  to  it.  If  any  solution,  therefore,  of  the 
biliary  salts  should  prove,  on  trial,  too  opaque  for  spectroscopic  exam- 
ination when  treated  by  Pettenkofer’s  test,  another  portion  of  it  may  be 
diluted,  before  applying  the  test,  until  it  is  reduced  to  about  the 
strength  of  1 part  to  500.  Even  when  a strongly  colored  purple  fluid 
has  been  rendered  turbid  and  decolorized  by  the  addition  of  water,  its 
transparency  and  color  may  be  again  restored  by  the  addition  of  sul- 
phuric acid  ; but  this  method  is  less  convenient  than  the  former. 

Fig.  72. 


Spkotbom  of  Pettenkofer’s  TEST,with  the  Biliary  Salts  in  alcoholic  solution. 

Tf  Pettenkofer’s  test  be  applied  to  the  biliary  salts  in  alcoholic  solu- 
tion, its  spectrum  is  modified.  There  are  now  two  absorption  bands 
instead  of  one.  The  first  is  situated  at  E,  and  is  identical  with  that 
obtained  in  a watery  solution  of  the  same  salts.  The  second  is  at  T. 
and  usually  rather  narrower  and  fainter  than  the  first,  although  some- 
times the  two  bands  are  of  equal  intensity. 

The  pink  or  purplish-red  fluid,  produced  by  Pettenkofer’s  test  with 
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both  codeine  and  morphine,  has  a spectrum  very  similar  to  that  of  the 
biliary  salts,  if  the  ruddy  color  of  the  fluid  be  strongly  pronounced, 
its  spectrum,  even  when  viewed  in  a layer  of  one  centimetre,  is  very 
short,  terminating  completely  about  midway  between  D and  E,  or  even 
before  that  point,  showing  the  red  and  yellow  clear  and  bright,  but  very 
little  of  the  green.  If  diluted  with  water,  the  mixture  is  not  rendered 
turbid,  but  its  color  is  very  much  reduced,  being  soon  changed  to  a 
taint  amber  or  often  to  a light  apple-green,  while  the  former  peculiari- 
ties of  the  spectrum  disappear.  The  best  way  is  to  place  the  fluid 
before  the  slit  of  the  spectroscope  in  a layer  of  two  centimetres  before 
its  color  is  fully  developed,  and  while  it  is  still  of  a light  pink.  The 
color  then  gradually  becomes  more  pronounced,  and,  when  it  has  at- 
tained the  proper  degree  of  strength,  the  spectrum  exhibits  a certain 
though  ill-defined  absorption-band  at  E.  Beyond  the  band,  the  whole 
spectrum  is  very  dim,  and  terminates  gradually  between  F and  G. 

The  distinction  between  the  spectrum  of  Pettenkofer’s  test  with 
biliary  salts  and  that  with  the  opium  alkaloids  is,  that  in  the  former 
case  the  absorption-band  at  E is  very  marked  and  distinct,  and  often 
quite  black,  when  viewed  in  a layer  of  two  centimetres’  thickness,  while 
in  the  latter  it  is  always  dim  and  very  ill-defined.  With  the  biliary 
salts,  also,  the  fluid  may  frequently  be  diluted  with  its  own  or  even 
twice  its  volume  of  water,  and  the  absorption-band  still  remain  plainly 
visible;  but  with  morphine  or  codeine  a very  moderate  dilution  rapidly 
destroys  the  character  of  the  spectrum  and  causes  the  absorption-band 
to  disappear. 


Fig.  73. 


Spectrum  of  Pettenkofer's  Test,  with  albumen. 


The  violet-colored  fluid  produced  by  Pettenkofer’s  test  with  albumen 
has  a well-marked  and  peculiar  spectrum,  easily  distinguishable  from 
that  belonging  to  the  biliary  salts.  If  tolerably  dense,  it  requires  to  be 
diluted  with  water  for  spectroscopic  examination,  and  afterward  cleared 
up  by  the  further  addition  of  sulphuric  acid.  The  spectrum  then  shows 
a single  absorption-band,  extending  from  somewhere  about  the  line  E 
to  the  line  F,  and  occupying  the  intermediate  space.  In  concentrated 
specimens  it  may  begin  considerably  to  the  left  of  E,  and  extend  thence 
to  F.  if  the  albuminous  liquid  be  more  dilute,  it  may  reach  only  from 
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a short  distance  beyond  E to  F.  It  is,  therefore,  always  limited  on  the 
right  by  the  line  F,  but  extends  farther  toward  E and  D,  according  to 
the  degree  of  concentration  of  the  liquid.  Its  edges  are  not  very  well 
defined,  but  are  more  distinct  when  the , band  is  narrow  than  when  it  is 
wide.  Beyond  the  band,  the  refrangible  portion  of  the  spectrum  is 
quite  dim. 

Mode  of  Secretion  of  the  Bile It  is  a matter  of  importance,  in 

regard  to  the  bile,  as  well  as  the  other  intestinal  fluids,  to  ascertain 
whether  it  be  a constant  secretion,  like  the  urine  and  perspiration,  or 
whether  it  be  intermittent , like  the  gastric  juice,  and  discharged  only 
during  the  digestive  process.  Bidder  and  Schmidt  have  investigated 
this  point  in  the  following  manner  : They  operated  by  tying  the  common 
bile-duct,  and  then  opening  the  fundus  of  the  gall-bladder,  so  as  to  pro- 
duce a biliary  fistula,  by  which  the  whole  of  the  bile  was  drawn  off. 
By  doing  this  operation,  and  collecting  and  weighing  the  fluid  discharged 
at  different  periods,  they  came  to  the  conclusion  that  the  flow  of  bile 
begins  to  increase  within  two  and  a half  hours  after  the  introduction  of 
food  into  the  stomach,  but  that  it  does  not  reach  its  maximum  of  activity 
till  the  end  of  twelve  or  fifteen  hours.  Other  observers,  however,  have 
obtained  different  results.  Arnold,'  for  example,  found  the  quantity  to 
be  largest  soon  after  meals,  decreasing  again  alter  the  fourth  hour. 
Kolliker  and  Miiller,9  again  found  it  largest  between  the  sixth  and 
eighth  hours.  It  appears,  accordingly,  that  the  bile  is  not  an  intermittent 
but  a constant  secretion ; and  that  the  quantity  produced  varies  with 
the  condition  of  the  digestive  process,  being,  according  to  the  majority 
of  observers,  most  abundant  some  time  after  the  digestion  and  absorp- 
tion of  food  have  commenced  in  the  intestinal  canal. 

Discharge  of  Bile  into  the  Intestinal  Canal. — As,  in  those  animals 
which  have  been  the  subject  of  experiment,  the  liver  is  provided  with  a 
gall-bladder,  in  which  the  secretion  may  be  partially  accumulated  after 
its  production,  and  from  which  it  may  find  its  way  at  regular  or  irregular 
intervals  into  the  alimentary  canal,  it  becomes  important  to  ascertain 
by  other  means  at  what  time  and  in  what  quantity  it  is  really  dischaiged 
into  the  intestine.  In  order  to  determine  this  point,  we  have  performed 
the  following  series  of  experiments  on  dogs.  The  animals  were  kept 
confined,  and  killed  at  various  periods  after  feeding,  sometimes  by  the 
inoculation  of  woorara,  sometimes  by  hydrocyanic  acid,  but  most  fre- 
quently by  section  of  the  medulla  oblongata.  The  contents  of  the 
intestine  were  then  collected  and  examined.  In  all  instances,  the  bile 
was  also  taken  from  the  gall-bladder  and  treated  in  the  same  way,  for 
purposes  of  comparison.  The  intestinal  contents  always  presented  some 
peculiarities  of  appearance  when  treated  with  alcohol  and  ether,  owing 
probably  to  the  presence  of  other  substances  than  the  bile ; but  they 
always  gave  evidence  of  the  presence  of  biliary  matters  as  well.  The 

1 Cited  in  the  American  Journal  of  the  Medical  Sciences,  April,  1856. 

s Ibid.,  April,  1857. 
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biliary  substances  could  almost  Fig.  74. 

always  be  recognized  by  the 
microscope  in  the  ether  preci- 
pitate of  the  alcoholic  solution ; 
both  as  a resinous  matter, 
under  the  form  of  rounded, 
oily-looking  drops  (Fig.  74), 
and  also  under  the  form  of 
crystalline  groups,  generally 
presenting  the  appearance  of 
double  bundles  of  slender, 
radiating,  slightly  curved  or 
wavy,  needle-shaped  crystals. 

These  substances,  dissolved  in 
water,  gave  a purple  color  with 
sugar  and  sulphuric  acid. 

These  experiments  were  tried 
after  the  animals  had  been  kept 
for  one,  two,  three,  five,  six, 

seven,  eight,  and  twelve  days  without  food.  The  result  showed  that, 
in  all  these  instances,  bile  was  present  in  the  small  intestine.  The  bile, 
therefore,  is  not  only  constantly  secreted  by  the  liver  in  the  intervals 
of  digestion,  as  well  as  during  that 


Crystalline  and  Besinous  Biliary 
Substances;  from  Small  Intestine  of  Dog, 
after  two  days  fasting. 


process,  but  it  also  continues  to  be 
discharged  into  the  intestine  for 
many  days  after  the  animal  has 
been  deprived  of  food. 

But  the  quantity  of  bile  passing 
into  the  intestine  within  a given 
time  is  greatest  soon  after  the  com- 
mencement of  digestion.  Our  own 
experiments  bearing  on  this  point 
were  performed  on  dogs,  by  mak- 
ing a permanent  duodenal  fistula, 
on  the  same  plan  as  that  used  for 
gastric  fistuhe  (Fig.  75).  An  inci- 
sion was  made  through  the  abdomi- 
nal walls,  a short  distance  to  the 
right  of  the  median  line,  the  floating 
portion  of  the  duodenum  drawn  up 
toward  the  external  wound,  opened 
by  a longitudinal  incision,  and  a 
silver  tube,  armed  at  each  end  with 
a narrow  projecting  flange,  inserted 
into  it  by  one  extremity,  about 
fourteen  centimetres  below  the 
pylorus,  and  seven  centimetres 
15 


Fig.  75. 


Duodenal  Fistula.— a.  Stomach.  6. 
Duodenum,  c,  c,  c.  Pancreas;  its  two  ducts 
are  seen  opening  into  the  duodenum,  one 
near  the  orifice  of  the  biliary  duct,  d,  the 
other  a short  distance  lower  down.  c.  Silver 
tube  passing  through  the  abdominal  walls 
and  opening  into  the  duodenum. 
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below  the  orifice  of  the  lower  pancreatic  duct.  The  other  extremity  ol 
the  tube  was  left  projecting  from  the  external  opening  in  the  abdo- 
minal parietes,  the  parts  secured  by  sutures,  and  the  wound  allowed  to 
heal.  After  cicatrization  was  complete,  and  the  animal  had  entirely 
recovered  his  healthy  condition  and  appetite,  the  intestinal  fluids 
were  drawn  off  at  various  intervals  after  feeding,  and  their  contents 
examined.  This  operation,  which  is  rather  more  difficult  than  that  of 
making  a permanent  gastric  fistula,  is  nevertheless  exceedingly  useful 
when  it  succeeds,  since  it  enables  us  to  study  the  actual  time  and  late 
of  the  biliary  discharge  into  the  upper  part  of  the  intestinal  canal. 

In  order  to  ascertain  the  absolute  quantity  of  bile  discharged  into  the 
intestine,  and  its  vimations  during  digestion,  the  duodenal  fluids  weie 
drawn  off,  for  fifteeiRninutes  at  a time,  at  various  periods  after  feeding, 
collected,  weighed,  and  examined  separately,  as  follows:  each  sepaiate 
quantity  was  evaporated  to  dryness,  its  dry  residue  extracted  v ith 
absolute  alcohol,  the  alcoholic  solution  precipitated  with  ether,  and  the 
ether-precipitate,  regarded  as  representing  the  amount  of  biliary  salts 
present,  dried,  weighed,  and  then  treated  with  Pettenkofer’s  test,  in 
order  to  determine,  as  nearly  as  possible,  their  degree  of  purity  01  ad- 
mixture. The  result  of  these  experiments  is  given  in  the  following 
table.  At  the  eighteenth  hour  so  small  a quantity  of  fluid  was  obtained 
that  the  amount  of  its  biliary  ingredients  was  not  ascertained.  It 
reacted  perfectly,  however,  with  Pettenkofer’s  test,  showing  that  bile 
was  really  present. 


Discharge  of  Intestinal  and.  Biliary  Fluids  from  Duodenal  Fistula  in  a 
Dog  Weighing  16.5  Kilogrammes. 


Time  after  feed- 
ing. 


Immediately. 
1 hour. 

3 hours. 

6 “ 

9 “ 

12  “ 

15  “ 

18  “ 

21  “ 

24  “ 

25  “ 


Quantity  of  fluid 
in  15  minutes. 

Dry  residue  of  the 
same. 

Quantity  of  bili- 
ary salts. 

(Grammes.) 

(Grammes.) 

(Grammes.) 

41.467 

2.138 

0.648 

128.936 

6.803 

0.259 

50.537 

3.887 

0.259 

48.594 

4.729 

0.227 

55.721 

5.053 

0.291 

21.057 

1.490 

0.243 

22.482 

1.166 

0.259 

24.880 

0.712 

0.064 

10.561 

0.615 

0.210 

9.783 

0.324 

0.194 

ary  salts  in  the 
dry  residue. 


(Per  cent.) 

30 

3 

7 

5 

6 

16 

22 

9 

34 

60 


From  this  it  appears  tnat  rne  one  passes  ^ - — — . Y „ 

the  largest  quantity  immediately  after  feeding.  This  is  undoubted  y 
due  to  a contraction  of  the  gall-bladder  and  a discharge  of  the  surplus 
bile  accumulated  in  it  during  the  interval  of  digestion.  It  is  a matter 
of  common  observation  that  the  gall-bladder,  in  animals  killed  after  a 
day  or  two  of  fasting,  is  distended  with  an  unusual  quantity  of  thick 
anil  dark-looking  bile;  while  in  those  killed  immediately  or  soon  aftei 
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feeding,  it  is  comparatively  collapsed  and  empty.  This  evacuation  of 
the  gall-bladder,  excited  by  the  ingestion  of  food,  causes  a sudden  flow 
of  bfle  into  the  duodenum.  Afterthat  time,  its  discharge  remains  pretty 
constant ; not  varying  much,  in  a dog  of  sixteen  and  a half  kilogrammes’ 
weight,  from  256  milligrammes  of  the  biliary  salts  every  fifteen  minutes, 
or  a little  over  one  gramme  per  hour.  In  a man  of  ordinary  size  (65 
kilogrammes),  if  the  quantity  of  bile  were  increased  in  proportion,  this 
would  amount  to  8.661  grammes  of  solid  biliary  matter  per  hour  dis- 
charged into  the  intestine  during  the  greater  part  of  the  digestive  process. 

Daily  Quantity  of  the  Bile.— The  first  experiments  of  value  upon  this 
point  were  those  of  Bidder  and  Schmidt,  published  in  1852.1  They  were 
performed  upon  dogs,  cats,  sheep,  and  rabbits,  in  the  following  manner : 
The  abdomen  was  opened,  and  a ligature  placed  upon  the  common 
biliary  duct,  so  as  to  prevent  the  bile  finding  its  way  into  the  intestine. 
An  opening  was  then  made  in  the  fundus  of  the  gall-bladder,  by  which 
the  bile  was  discharged  externally.  The  bile,  so  discharged,  was  received 
into  previously  weighed  vessels,  and  its  quantity  accurately  determined. 
Each  observation  usually  occupied  about  two  hours,  during  which  period 
the  temporary  fluctuations  occasionally  observable  in  the  quantity  of 
bile  discharged  were  mutually  corrected,  so  far  as  the  entire  result  was 
concerned.  The  animal  was  then  killed,  weighed,  and  carefully  ex- 
amined, in  order  to  make  sure  that  the  biliary  duct  had  been  securely 
tied,  and  that  no  inflammatory  alteration  had  taken  place  in  the  ab- 
dominal organs.  The  observations  were  made  at  different  periods  after 
the  last  meal,  so  as  to  determine  the  influence  exerted  by  the  digestive 
process  upon  the  rapidity  of  the  secretion.  The  average  quantity  of 
bile  for  twenty-four  hours  was  then  calculated  from  a comparison  of  the 
above  results ; and  the  quantity  of  its  solid  ingredients  was  also  ascer- 
tained in  each  instance  by  evaporating  a portion  of  the  bile  in  the  water 
bath,  and  weighing  the  dry  residue. 

Bidder  and  Schmidt  found  in  this  way  that  the  daily  quantity  of  bile 
varied  considerably  in  different  species  of  animals.  It  was  much  greater 
in  the  herbivorous  animals  used  for  experiment  than  in  the  carnivora. 
The  results  obtained  by  these  observers  were  as  follows: 

For  every  kilogramme  of  the  entire  bodily  weight  of  the  animal,  there' 
is  secreted,  in  twenty-four  hours, 


In  the  cat 
“ dog 
“ sheep  . 

“ rabbit  . 


Fresh  bile.  Dry  residue. 

14.537  grammes.  0.816  grammes. 
19.956  “ 0.985 

25.372  “ 1.340 

136.556  “ 2.464 


According  to  the  later  researches  of  Schiff,2  these  estimates  are  cer- 
tainly not  beyond  the  truth,  since  he  obtained  considerably  lai'ger 
quantities  in  the  dog,  by  simply  establishing  an  open  fistula  of  the  gall- 


Yerdauungssaefte  und  StofFwechsel.  Leipzig,  1852. 

Archiv  fur  die  Gesammte  Physiologie.  Bonn,  1870,  Band  iii.  p.  598. 
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bladder,  without  tying  the  common  biliary  duct.  While  the  average 
quantity  obtained  in  Bidder  and  Schmidt’s  experiments  on  the  dog  was 
0.832  grammes  of  fresh  bile  per  hour  for  every  kilogramme  of  bodily 
weight,  in  those  of  Scliiff  it  was  1.3  to  3.2  grammes  per  kilogramme  per 
hour. 

Since  in  the  human  subject  the  processes  of  digestion  and  nutrition 
resemble  those  of  the  carnivora,  rather  than  those  of  the  herbivora,  the 
former  should  be  selected  to  serve  as  a term  of  comparison  in  estimating 
the  probable  daily  quantity  of  the  bile  in  man.  If  we  apply  accordingly 
to  the  human  subject  the  average  of  the  results  obtained  by  Bidder  and 
Schmidt  from  the  cat  and  dog,  the  entire  quantity  of  bile,  for  a man 
weighing  G5  kilogrammes,  would  be  a little  over  1100  grammes  per  day. 
Ranke1  obtained  from  direct  observation  a result  not  essentially  different 
from  this.  He  collected  at  various  times  the  bile  discharged  in  a case 
of  biliary  fistula  in  a man  weighing  only  47  kilogrammes,  and  found  the 
average  quantity  for  twenty -four  hours  to  be  652  grammes;  the  max- 
imum quantity  for  the  same  period  being  945  grammes.  In  a man  of 
65  kilogrammes’  weight  this  would  correspond,  for  the  average,  to  902 
grammes,  and  for  the  maximum  to  1307  grammes.  The  entire  quantity 
of  bile,  therefore,  for  a man  of  medium  size,  is  evidently  not  far  from 
1000  grammes  per  day.  This  contains  about  30  grammes  of  solid  ingre- 
dients. 

Decomposition  of  the  Biliary  Matters  in  the  Intestine. — Observers 
generally  are  agreed  that  the  biliary  salts,  though  constantly  poured 
into  the  upper  part  of  the  intestinal  canal,  are  not  discharged  with  the 
feces.  Although  traces  of  them  are  sometimes  to  be  found  in  the  evacua- 
tions, they  are  always  very  far  from  representing  the  total  quantity  pro- 
duced by  the  liver,  and  as  a general  rule  they  disappear  altogether  in 
their  passage  through  the  intestine.  This  may  be  readily  demonstiated 
by  experiments  upon  dogs,  which  are  conducted  in  the  following  man- 
ner. The  animals  are  to  be  fed  with  fresh  meat,  and  then  killed  at 
various  intervals  after  the  meals,  the  abdomen  opened,  ligatures  placed 
upon  the  intestine  at  various  points,  and  the  contents  of  its  upper, 
middle,  and  lower  portions  collected  and  examined  separately.  The 
•results  thus  obtained  show  that,  under  ordinary  circumstances,  the  bile, 
which  is  quite  abundant  in  the  duodenum  and  upper  part  of  the  small 
intestine,  diminishes  in  quantity  from  above  downward,  and  is  not  to  be 
found  in  the  large  intestine.  The  entire  quantity  of  the  intestinal  con- 
tents also  diminishes  and  their  consistency  increases,  as  we  approach 
the  ileo-csecal  valve;  and  at  the  same  time  their  color  changes  from  a 
light  yellow  to  a dark  bronze  or  blackish-green,  which  is  always  strongly 
pronounced  in  the  last  quarter  of  the  small  intestine. 

If  the  contents  of  the  small  and  large  intestine  be  furthermore  evapo- 
rated to  dryness,  extracted  with  absolute  alcohol,  and  the  alcoholic  solu- 
tions precipitated  with  ether,  the  quantity  of  ether-precipitate  being 

1 Grundzlige  der  Physiologic  des  Menscken.  Leipzig,  1S72,  p.  284. 


THE  BILE. 


221 


regarded  as  representing  approximately  that  of  the  biliary  substances 
proper,  the  result  shows  that  the  quantity  of  ether-precipitate  is,  both 
positively  and  relatively,  very  much  less  in  the  large  intestine  than  in 
the  small.  Its  proportion  to  the  entire  solid  contents  is  only  one-lifth 
or  one-sixth  as  great  in  the  large  intestine  as  it  is  in  the  small.  But 
even  this  inconsiderable  quantity,  found  in  the  contents  of  the  large 
intestine,  does  not  consist  of  biliary  matters ; for,  the  watery  solutions 
being  treated  with  sugar  and  sulphuric  acid,  those  from  both  the  upper 
and  lower  portions  of  the  small  intestine  always  give  Pettenkofer’s  reac- 
tion perfectly  in  less  than  a minute  and  a half ; while  in  that  from  the 
large  intestine  no  red  or  purple  color  is  usually  produced,  e\en  at  the 
end  of  three  hours. 

The  small  intestine  consequently  contains,  at  all  times,  substances 
presenting  the  usual  reactions  of  the  biliary  ingredients ; while  in  the 
contents  of  the  large  intestine  no  such  substances  can  be  recognized  by 
Pettenkofer’s  test. 

It  is  not  possible  to  say,  however,  what  is  the  precise  nature  of  the 
changes  undergone  by  the  biliary  salts  in  the  intestinal  canal.  rl  he  sup- 
posed decomposition  of  these  salts  by  contact  with  the  acid  secretions 
of  the  alimentary  canal,  and  the  separation  of  the  glycine,  taurine,  and 
cholic  acid  of  their  organic  ingredients,  with  their  subsequent  transfor- 
mations, are  all  more  or  less  hypothetical,  and  without  sufficient  basis  of 
experimental  evidence.  The  biliary  matters  in  the  intestine  pass,  by 
decomposition  or  metamorphosis,  into  the  condition  of  other  unknown 
substances  which  do  not  respond  to  Pettenkofer’s  test. 

Physiological  Function  and  Destination  of  the  Bile. — The  physio- 
logical function  of  the  bile  is  still  very  obscure.  With  regard  to  its 
action  in  the  digestive  process,  we  may  say  that  nothing  whatever  is  yet 
known  which  can  account  for  the  constant  presence  of  so  important  and 
peculiar  a secretion.  By  itself,  in  experiments  on  artificial  digestion,  it 
does  not  exhibit  any  direct  action  upon  either  of  the  principal  alimentary 
substances,  of  such  a definite  character  as  those  which  belong  to  the  gasr 
trie,  pancreatic,  and  intestinal  juices ; its  action  being  limited  to  simple 
solution  of  a certain  proportion  of  oily  matter,  and  to  a feeble  and  incon- 
stant transforming  power  upon  hydrated  starch.  Two  other  actions  have 
also  been  attributed  to  it,  from  certain  properties  which  observation 
shows  it  to  possess ; namely,  first,  that  of  exciting  the  secretions  and 
peristaltic  movement  of  the  intestine  and  thus  serving  as  a natural 
cathartic,  and  secondly,  that  of  facilitating  the  absorption  of  oily  matters 
by  the  intestinal  mucous  membrane.  But  although  the  bile  is  found,  when 
applied  to  the  muscular  coat  of  the  intestine,  to  excite  its  contraction, 
and  similar  effects  are  thought  to  have  been  seen  even  in  the  villi,  yet 
the  alimentary  canal  is  known  to  be  naturally  excited  to  action  by  the 
ingestion  of  food,  or  its  downward  passage  from  other  parts ; and  there 
is  nothing  to  show  that  the  intestine,  below  the  orifice  ol  the  biliary 
duct,  should  require  any  peculiar  or  exceptional  stimulus  for  the  excite- 
ment of  its  normal  actions.  It  is  true,  in  the  second  place,  that  the  bile 
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has  been  shown,  by  direct  experiment,  to  facilitate  the  passage  of  oily 
matters  by  osmosis  through  closed  organic  membranes  or  parchment 
paper ; that  is,  oily  matters  will  pass  through  these  membranes  more 
readily  when  they  are  moistened  with  bile,  than  when  simply  wetted 
with  water ; and  it  is  upon  these  experiments  that  the  supposed  func- 
tion of  the  bile,  in  effecting  the  absorption  of  oil  in  the  intestine,  has 
been  based.  But  the  villi  of  the  intestine  are  not  simply  membranes 
moistened  with  water.  They  are  penetrated  throughout  by  alkaline  and 
albuminous  fluids,  their  bloodvessels  contain  an  abundance  of  organic 
material  in  the  liquid  form,  and  the  fatty  emulsion  formed  by  the  pan- 
creatic juice  is  itself  fully  adapted  for  absorption  by  the  villi.  There 
seems  to  be  no  good  reason  for  assigning  to  the  physical  properties  of 
the  bile,  in  this  respect,  any  special  importance  for  the  absorption  of 
fatty  substances. 

An  action  of  quite  the  opposite  nature  has  also  been  attributed  to  the 
bile,  namely  that  of  precipitating  the  half-digested  ingredients  of  the 
food  from  their  solution  in  the  gastric  juice.  But  there  is  reason  to 
believe  that  this  also  rests  upon  an  error,  and  that  there  is  no  such 
antagonism  between  the  bile  and  the  gastric  juice  in  the  intestine  as 
when  they  are  mingled  together  in  a test-tube. 

It  has  already  been  stated  (page  159)  that  the  bile  precipitates  by  con- 
tact with  the  gastric  juice.  If  one  or  two  drops  of  dog’s  bile  be  added 
to  as  many  cubic  centimetres  of  fresh  gastric  juice  from  the  same  ani- 
mal, a copious  yellowish-white  precipitate  falls  down,  containing  the 
whole  of  the  coloring  matter  of  the  bile  which  has  been  added  ; and  if 
the  mixture  be  then  filtered,  the  filtered  fluid  passes  through  quite  color- 
less. The  gastric  juice,  hdWever,  still  retains  its  acid  reaction.  This 
precipitation  depends  upon  the  presence  of  the  biliary  substances  proper, 
namely,  the  sodium  glycocholate  and  taurocholate ; for  if  the  bile  be 
evaporated  to  dryness  and  the  biliary  substances  extracted  by  alcohol 
and  precipitated  by  ether  in  the  usual  manner,  their  watery  solution  will 
precipitate  with  gastric  juice,  in  the  same  way  as  fresh  bile  would  do. 

Although  the  biliary  matters,  however,  precipitate  by  contact  with 
fresh  gastric  juice,  they  do  not  do  so  with  gastric  juice  which  holds  albu- 
minose  in  solution.  We  have  invariably  found  that  if  the  gastric  juice 
be  digested  for  several  hours  at  the  proper  temperature  with  boiled 
white  of  egg,  the  filtered  fluid,  which  contains  an  abundance  of  albu- 
minose,  will  no  longer  give  the  slightest  precipitate  on  the  addition  of 
bile  or  of  a watery  solution  of  the  biliary  substances,  even  in  very  large 
amount.  The  gastric  juice  and  the  bile,  therefore,  are  not  finally  incom- 
patible with  each  other  in  the  digestive  process,  notwithstanding  the 
reaction  which  takes  place  between  them  when  artificially  mingled. 

Although,  however,  the  bile  cannot  be  shown  to  exert  any  diiect 
action  in  the  digestion  of  the  food,  similar  to  that  of  the  other  intestinal 
fluids,  yet  there  is  evidence  that  it  takes  part,  in  the  intestine,  in  some 
process  which  is  important,  and  even,  in  the  long  run,  essential  to  life. 
This  is  shown  by  the  fact  that  if  the  bile  be  permanently  diverted  from 
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the  cavity  of  the  intestine  by  closure  of  the  common  bile-duct,  and 
evacuated  by  a fistula  of  the  gall-bladder,  the  animals  which  are  the 
subjects  of  the  operation  gradually  emaciate,  and  die  with  general 
symptoms  of  disordered  nutrition. 

This  experiment  has  been  successfully  performed  at  least  ten  times  by 
Schwann,  Bidder  and  Schmidt,1  Bernard,2  and  Prof.  A.  Flint,  Jr.,3  the 
animals  surviving  the  immediate  effects  of  the  operation,  the  biliaiy 
fistula  remaining  open,  and  the  common  bile-duct,  as  shown  by  subse- 
quent post-morlem  examination,  being  permanently  closed  so  that  none 
of  the  bile  could  have  found  its  way  into  the  intestine.  The  general 
results  were  alike  in  these  cases.  The  animals  died  with  the  signs  of 
inanition,  usually  between  30  and  40  days  after  the  operation  ; although 
in  one  instance  death  occured  at  the  end  of  the  seventh  day,  and  in 
another  not  until  the  eightieth.  The  average  length  of  life,  in  all  the 
cases  taken  together,  was  36  days.  The  symptoms  were  constant  and 
progressive  emaciation,  which  proceeded  to  such  a degree  that  nearly 
every  trace  of  fat  disappeared  from  the  body.  The  loss  of  flesh  amounted, 
in  one  case,  to  more  than  two-fifths,  and  in  another  to  nearly  one-half 
the  entire  weight  of  the  animal.  There  was  also  sometimes  a falling  off 
of  the  hair,  and  an  unusually  disagreeable,  putrescent  odor  in  the  feces 
and  in  the  breath.  Notwithstanding  this,  the  appetite  remained  good. 
Digestion  was  not  essentially  interfered  with,  and  none  of  the  food  was 
discharged  with  the  feces ; but  there  was,  in  the  cases  of  Bidder  and 
Schmidt,  much  rumbling  and  gurgling  in  the  intestines,  and  abundant 
discharge  of  flatus,  more  strongly  marked  in  one  instance  than  in  the 
other.  There  was  no  pain ; and  death  took  place,  at  last,  without  any 
violent  symptoms,  but  by  a simple  and  gradual  failure  of  the  vital 
powers. 

It  appears  therefore  that  the  bile  is  not  simply  an  excrementitious  fluid 
destined  to  be  eliminated  from  the  system  ; but  that,  after  being  secreted 
and  discharged  by  the  liver,  it  must  pass  into  and  through  the  small 
intestine,  in  order  to  maintain  the  continuous  and  healthy  nutrition  of 
the  body.  We  have  already  seen,  furthermore,  that  its  most  essential 
ingredients,  namely,  the  biliary  salts,  disappear  during  their  passage 
through  the  alimentary  canal,  and  are  not  to  be  found  in  the  fecal 
evacuations.  This  may  be  accounted  for  in  two  different  ways.  Either 
the  biliary  salts,  while  in  the  intestine,  may  become  altered  and  insolu- 
ble, so  as  to  lose  their  reaction  with  Pettenkofer’s  test,  and  be  finally 
evacuated  with  the  feces  under  this  insoluble  form ; or,  on  the  other 
hand,  they  may  be  reabsorbed  from  the  alimentary  canal  and  thus  re-enter 
the  circulation  as  ingredients  of  the  blood. 

The  conclusion  generally  adopted  by  physiologists  is  that  they  are 
reabsorbed.  The  most  positive  evidence  on  this  point  is  that  derived 

1 Yerdauungssaefte  unit  Stoffwechsel.  Leipzig,  1852,  p.  103. 

2 Liquides  do  l’Organisme.  Paris,  1859,  tom.  ii.  p.  199. 

3 Physiology  of  Man.  New  York,  1867,  p.  369. 
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from  the  experiments  of  Bidder  and  Schmidt  on  the  quantity  of  sulphur 
contained  in  the  feces  of  the  dog,  as  compared  with  that  in  the  tauro- 
eholie  acid  of  his  biliary  salts.  The  significance  of  these  experiments 
depends  upon  the  fact  that  the  biliary  salts  themselves,  being  compound 
bodies,  might  be  so  altered  by  decomposition  in  the  intestine  as  to  lose 
their  characteristic  reactions,  and  yet  their  separated  materials  might 
remain ; but  as  sulphur,  on  the  other  hand,  is  a chemical  element,  not 
decomposable  by  any  known  means,  it  must  be  capable  of  detection,  if 
present,  by  ultimate  analysis.  The  dog  was  selected  as  the  subject  of 
experiment,  for  the  reason  that  the  bile  in  this  animal  contains  so  large 
a proportion  of  the  sodium  taurocholate,  of  which  sulphur  is  a constituent 
part. 

The  results  obtained  by  Bidder  and  Schmidt'  showed  that  the  quantity 
of  sulphur  evacuated  in  the  feces  was  much  less  than  that  discharged 
into  the  intestine  with  the  bile. 

These  observers  collected  and  analyzed  all  the  feces  passed,  during 
five  days,  by  a healthy  dog,  weighing  8 kilogrammes.  The  entire  fecal 
mass  during  this  period  weighed  97.716  grammes, 

~ , . . f Water 56.642  grammes. 

Containing  Jgo|.dreBidue  ....  41.074 


97.716 


The  solid  residue  was  composed  as  follows  : — 

2.832  grammes. 


Neutral  fat,  soluble  in  ether  . 

Pat,  with  traces  of  biliary  matter  . 
Alcohol  extract,  with  biliary  matter 
Substances  not  of  a biliary  nature 
extracted  by  muriatic  acid  and 
hot  alcohol  . . . . 

Fatty  acids  with  oxide  of  iron 
Residue  consisting  of  hair,  sand,  etc. 


4.991 

3.816  containing  0.070  of  sulphur. 


9.641  containing  0.085  of  sulphur. 


0.155 

6.377 

13.417 


41.074 


As  it  has  already  been  shown  (page  219)  that  the  dog  secretes,  duiiug 
24  hours,  0.985  gramme  of  solid  biliary  matter  for  every  kilogramme 
of  bodily  weight,  the  entire  quantity  of  biliary  matter  secreted  in  five 
days  by  the  above  animal,  weighing  8 kilogrammes,  must  have  been 
89.4  grammes,  or  nearly  as  much  as  the  whole  weight  of  the  dried  feces. 
But  furthermore,  the  natural  proportion  of  sulphur  in  dog’s  bile,  derived 
from  the  sodium  taurocholate,  is  G per  cent,  of  the  dry  residue.  The 
89.4  grammes  of  dry  bile,  secreted  during  five  days,  contained,  there- 
fore, 2.364  grammes  of  sulphur.  But  the  entire  quantity  of  sulphur, 
existing  in  any  form  in  the  feces,  was  0.385  gramme  ; and  of  this  only 
0.155  gramme  could  have  been  the  product  of  biliary  matters— the  re- 


1 Yerdauungssaeftc  und  Stoffweckscl.  Leipzig,  1852,  p.  217 
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xnainder  being  derived  from  tbe  hairs  which  are  always  contained  in 
abundance  in  the  feces  of  the  dog.  That  is,  not  more  than  one-fifteenth 
part  of  the  sulphur  originally  present  in  the  bile  could  be  detected  in 
the  feces.  It  must,  accordingly,  have  been  reabsorbed  from  the  intestine. 

A still  further  corroboration  of  the  reabsorption  of  the  biliary  materials 
from  the  intestinal  canal  is  furnished  by  the  very  careful  and  ingenious 
experiments  of  Schiff,1  performed  in  a different  manner.  This  observer 
found  that,  in  animals  provided  with  a gall-bladder,  less  pressure  is  re- 
quired to  make  a fluid  pass  from  the  hepatic  duct  into  the  cavity  of  the 
gall-bladder  than’  to  force  it  through  the  common  duct  into  the  intes- 
tine. Unless,  therefore,  the  pressure  under  which  the  bile  is  secreted  be 
increased,  either  by  distension  or  by  muscular  contraction,  it  passes  into 
the  gall-bladder  more  readily  than  into  the  intestine  ; and  a fistula  of  the 
fundus  of  the  gall-bladder,  if  kept  freely  open,  will  be  of  itself  sufficient 
to  discharge  all,  or  nearly  all,  the  secreted  bile,  without  any  considerable 
portion  of  it  reaching  the  intestine.  He  demonstrated  furthermore  that 
this  was  really  the  fact  by  establishing  at  the  same  time,  in  the  same 
animal,  a fistula  of  the  gall-bladder  and  one  of  the  duodenum.  So  long 
as  the  cystic  fistula  remained  open,  either  no  biliary  matters,  or  only 
insignificant  traces  of  them,  could  be  detected  in  the  fluids  drawn  from 
the  duodenum. 

The  advantage,  for  certain  purposes,  of  this  method  of  operating, 
over  that  in  which  the  common  duct  is  also  tied  and  obliterated,  is  that 
by  the  last  operation  the  bile  is  permanently  shut  off  from  the  intestine, 
in  consequence  of  which  the  animal  soon  passes  into  an  abnormal  and 
enfeebled  condition.  One  of  the  earliest  results  of  this  unhealthy  state 
is  a diminution  in  the  daily  quantity  of  bile  secreted.  On  the  other 
hand,  by  Schiff’s  method,  so  long  as  the  cjTstic  fistula  is  closed,  the  bile 
continues  to  pass  through  the  common  duct  into  the  intestine,  thus 
maintaining  the  animal  in  a healthy  condition.  At  any  time,  however, 
by  opening  the  cystic  fistula  and  emptying  the  gall-bladder,  the  rate  at 
which  the  bile  is  secreted  may  be  observed  with  facility.  It  has  already 
been  mentioned  that  larger  quantities  of  bile  were  usually  obtained  by 
this  than  by  the  older  method. 

The  observations  of  Schiff  show  that  by  leaving  open  the  cystic  fistula, 
and  thus  practically  diverting  all  the  bile  from  the  intestine,  its  rate  of 
secretion  by  the  liver  is  at  once  diminished,  so  that  even  at  the  end  of 
twenty-four  hours,  if  the  influence  of  digestion  be  eliminated,  it  is  already 
reduced  to  a minimum,  and  this  minimum  continues  afterward  with  only 
insignificant  fluctuations.  On  the  other  hand,  if,  in  the  same  animal, 
the  fistula  be  kept  closed  for  some  hours,  the  quantity  of  bile  soon  rises 
to  its  normal  standard. 

The  same  observer  experimented  upon  the  dog  with  similar  results 
by  making  a duodenal  fistula,  through  which  he  introduced  a canula  into 
the  orifice  of  the  common  bile-duct.  This  canula  had  a lateral  opening 

1 Archiv  flir  die  Gesammte  Physiologie.  Bonn,  1870,  p.  598. 
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near  its  inner  end,  which  might  be  left  open  or  kept  closed  by  shifting 
the  position  of  an  inner  tube  fitting  closely  in  the  canula.  Thus  the  bile 
might  be  at  will  either  discharged  externally  from  the  orifice  of  the 
canula,  or  allowed  to  pass  into  the  duodenum  by  its  lateral  opening.  It 
was  found  that,  after  being  discharged  externally  for  even  two  or  three 
hours  previously  to  the  examination,  its  rate  of  secretion  was  much  less 
than  if  it  had  been  allowed  to  pass  into  the  intestine.  The  results 
obtained,  in  a dog  weighing  12  kilogrammes,  were  as  follows: 


Cubic  Centimetres  of  Bile  obtained  in  Ten  Minutes  after  having  been, 
from  Two  to  Three  Hours, 

Evacuated  externally.  Discharged  into  the  duodenum. 

2.2  6-0 

2.3  5-4 

2.1  5-6 

2.0  6.2 

1.8  6.5 

1.9  S-7 


5.90 


Average  . . 2.05 

Thus  the  quantity  of  bile  secreted,  when  it  has  been  allowed  to  follow 
its  natural  course  into  the  duodenum,  is  nearly  three  times  as  great  as 
when  it  has  been  evacuated  through  the  external  fistula.  It  does  not 
necessarily  follow  from  this  that  it  is  again  directly  used  for  secretion 
by  the  liver,  since  this  process  may  be  influenced  by  a variety  of  sec- 
ondary conditions ; but  it  is  difficult  to  avoid  the  conclusion  that  its 
ingredients  are  absorbed  from  the  intestinal  cavity,  and  supply  in  some 
way  the  materials  for  continued  secretion. 

Before  their  reabsorption,  however,  the  biliary  salts  undergo  certain 
alterations  in  the  alimentary  canal,  so  that  when  finally  taken  up  by  the 
bloodvessels,  they  have  already  assumed  a different  form;  otherwise 
they  could  be  detected  in  the  blood  of  the  portal  vein.  But  such  re- 
searches have  constantlv  led  to  a negative  result.  Our  own  experiments 
on  this  point  were  performed  on  dogs,  by  examining  the  portal  blood 
obtained  at  different  periods  after  feeding.  The  animals  were  killed  by 
section  of  the  medulla  oblongata,  a ligature  immediately  placed  on  the 
portal  vein,  while  the  circulation  was  still  active,  and  the  requisite 
quantity  of  blood  collected  by  opening  the  vein.  The  blood  was  some- 
times immediately  evaporated  to  dryness  by  the  water-bath.  Sometimes 
it  was  coagulated  by  boiling  in  a porcelain  capsule  over  a spirit  lamp, 
with  water  and  an  excess  of  sodium  sulphate,  and  the  filtered  watery 
solution  afterward  examined.  But  most  frequently  the  blood  after 
being  collected  from  the  vein,  was  coagulated  by  the  gradual  addition 
of  three  times  its  volume  of  alcohol,  stirring  the  mixture  constantly,  so 
as  to  make  the  coagulation  gradual  and  uniform.  It  was  then  filtered 
the  moist  mass  remaining  on  the  filter  subjected  to  strong  , 

linen  bag,  by  a porcelain  press,  and  the  fluid  thus  obtained  added  to  that 
previously  filtered . The  entire  spirituous  solution  was  then  evapoi  a 
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to  dryness,  the  dry  residue  extracted  with  absolute  alcohol,  and  the 
alcoholic  solution  treated  as  usual  to  discover  the  presence  of  biliary 
matters.  In  every  instance,  blood  was  taken  at  the  same  time  from  the 
jugular  vein,  or  the  abdominal  vena  cava,  and  treated  in  the  same  way 
for  purposes  of  comparison. 

We  have  examined  the  blood,  in  this  way,  one,  four,  six,  nine,  eleven 
and  a half,  twelve,  and  twenty  hours  after  feeding.  The  result  shows 
that  in  the  venous  blood,  both  of  the  portal  vein  and  of  the  general  circu- 
lation, there  exists  a substance  soluble  in  water  and  in  absolute  alcohol, 
and  precipitable  by  ether  from  its  alcoholic  solution.  This  substance 
is  often  considerably  more  abundant  in  the  portal  blood  than  in  that 
taken  from  the  general  venous  system.  It  adheres  closely  to  the  sides 
of  the  glass  vessel  after  precipitation,  so  that  it  is  always  difficult,  and 
often  impossible,  to  obtain  enough  of  it,  mixed  with  ether,  for  micro- 
scopic examination.  It  dissolves,  also,  like  the  biliary  substances,  with 
great  readiness  in  water ; but  in  no  instance  have  we  ever  been  able 
to  obtain  from  it  such  a reaction  with  Pettenkofer’s  test,  as  would 
indicate  the  presence  of  bile.  This  is  not  because  the  reaction  is 
masked  by  any  other  ingredient  of  the  blood;  for  if,  at  the  same  time,  a 
little  bile  be  added  to  blood  taken  from  the  abdominal  vena  cava,  in  the 
proportion  of  one  drop  of  bile  to  seven  or  eight  cubic  centimetres  of 
blood,  and  the  two  specimens  treated  alike,  the  ether-precipitate  may 
be  considerably  more  abundant  in  the  case  of  the  portal  blood  ; and  yet 
that  from  the  blood  of  the  vena  cava,  dissolved  in  water,  will  give  Pet- 
tenkofer’s reaction  for  bile  perfectly,  while  that  of  the  portal  blood  will 
give  no  such  reaction. 

Notwithstanding  the  evidence,  therefore,  that  the  biliary  matters  are 
absorbed  by  the  portal  blood,  they  cannot  be  recognized  there  by  Pet- 
tenkofer’s test.  They  must  accordingly  have  passed  through  such 
changes,  in  the  intestine,  previously  to  their  absorption,  that  they  can 
no  longer  give  the  ordinary  reaction  of  the  biliary  salts.  We  cannot 
say  precisely  what  these  changes  are,  but  they  are  undoubtedly  depen- 
dent upon  the  action  of  the  intestinal  juices,  and  are  therefore  more  rapid 
while  the  process  of  digestion  is  going  on.  This  is  probably  the  ex- 
planation of  the  fact  that  the  bile,  though  a continuous  secretion,  is  dis- 
charged into  the  alimentary  canal  in  greatest  abundance  immediately 
after  the  ingestion  of  food;  since  it  is  not  so  much  needed  to  assist  the 
intestinal  juices  in  the  process  of  digestion,  as  to  be  itself  acted  on  by 
them  and  converted  into  other  materials. 

The  bile,  accordingly,  is  a secretion  which  has  not  yet  accomplished 
its  function  when  it  is  discharged  from  the  liver  and  poured  into  the 
intestine.  While  in  the  cavity  of  the  alimentary  canal,  in  contact  with 
its  glandular  surface,  and  mingled  with  the  intestinal  juices,  its  ingre- 
dients lose  their  original  character  and  pass  into  the  form  of  new  com- 
binations. These  substances  again  enter  the  circulation  by  absorption 
from  the  intestinal  cavity,  and  are  carried  away  by  the  blood,  to  com- 
plete their  function  in  some  other  part  of  the  body. 


CHAPTER  XI. 


PRODUCTION  OP  GLYCOGEN  AND  GLUCOSE  IN  THE 

LIYER. 


If  tlie  liver  of  a carnivorous  or  herbivorous  animal,  after  twenty-four 
hours’  fasting,  be  taken  from  the  body  immediately  after  death,  finely 
divided,  and  boiled  for  a few  moments  in  water  with  animal  charcoal  or 
an  excess  of  sodium  sulphate,  to  eliminate  the  albuminous  and  coloring 
matters,  the  filtered  fluid  will  be  nearly  clear,  or  show  only  a moder- 
ately opaline  tinge.  But  if  the  same  thing  be  done  within  a few  hours 
after  the  ingestion  of  animal  or  vegetable  food,  the  watery  decoction  of 
the  liver  tissue  will  be  strongly  opalescent,  being  rendered  turbid  by 


the  presence  in  considerable  quantity  of  a matter  which  communicates 
to  the  solution  a partial  turbidity.  This  matter  is  glycogen , which  is 
contained,  in  greater  or  smaller  quantity,  in  the  liver  extract  under  these 
two  conditions. 

This  substance,  first  discovered  by  Bernard,  has  so  strong  an  analogy, 
in  its  composition  and  properties,  with  the  ordinary  amylaceous  mattei 
of  vegetable  tissues,  that  it  is  often  spoken  of  as  “animal  starch.”  It 
is,  when  purified,  a non-nitrogenous  body,  having  the  formula  C6H10O3. 
It  is  accordingly  a carbohydrate,  and  indention!  with  starch  in  its  ulti- 
mate chemical  composition. 

It  is  obtained  from  the  liver  by  first  cutting  the  organ  into  small 
pieces  and  immediately  coagulating  them  by  a short  immersion  in  boil- 
ing water.  This  is  for  the  purpose  of  prevening  the  partial  transforma- 
tion of  the  glycogen  which  would  otherwise  take  place,  under  the  influ- 
ence of  a moderate  temperature,  by  contact  with  the  albuminous  matters 
present  in  the  liver.  These  albuminous  matters  having  been  once 
coagulated  by  the  preliminary  boiling,  the  glycogen  can  afterward  be 
extracted  at  leisure.  The  liver  tissue  is  then  ground  to  pulp  m a 
mortar  and  boiled  continuously  for  half  an  hour  with  a small  quantity 
of  water,  just  sufficient  to  keep  the  mixture  fluid,  in  order  to  obtain  a 
decoction  as  concentrated  as  possible.  The  decoction  is  then  treated 
with  animal  charcoal,  to  remove  the  coloring  matters,  and  -filtered.  T le 
solution  is  distinctly  opaline,  and  if  allowed  to  fall  into  a vessel  of  strong 
alcohol,  the  glycogen,  which  is  insoluble  in  this  fluid,  is  precipitated  in  the 
form  of  a white  deposit.  This  deposit  is  still  contaminated  by  a little 
glucose,  and  by  a certain  quantity  of  biliary  salts  and  other  nitrogenous 
matters.  The  glucose  and  biliary  salts  are  removed  by  repeated  } 
washing  the  precipitate  with  alcohol.  The  deposit  is  then  boiled .tor 
a quarter  of  an  hour  with  a concentrated  solution  of  potassium  lty dia  , 
( 228  ) 
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■which  dissolves  the  albuminous  matters,  but  does  not  affect  the  gly- 
cogen. After  being  separated  by  filtration  it  is  again  dissolved  in 
water,  the  traces  of  alkali  removed  by  the  addition  of  a little  acetic 
acid,  and  the  glycogen  then  precipitated  anew,  in  a pure  form,  by 
alcohol  in  excess.  It  is  then  dried  and  may  be  kept  in  the  form  of  a 
white  pulverulent  mass,  which  retains  its  properties  for  an  indefinite 
time. 

Glycogen  thus  prepared  is  soluble  in  water,  its  solution  having  an 
opalescent  tinge.  Treated  with  iodine,  it  gives  a violet  color,  inter- 
mediate between  the  blue  reaction  of  starch  and  the  red  of  dextrine. 
It  does  not  reduce  the  copper  salts  in  Trommer’s  test,  nor  give  rise  to 
fermentation  with  yeast ; but  it  is  converted  into  dextrine  and  glucose 
by  all  those  agencies  which  have  a similar  effect  upon  starch — namely, 
prolonged  boiling  with  dilute  mineral  acids,  the  contact  of  vegetable 
diastase,  of  saliva,  the  pancreatic  juice,  and  the  serum  of  blood  at  a 
moderately  warm  temperature.  If  allowed  to  remain  in  the  liver  after 
death,  a part  of  it  suffers  transformation  into  glucose  by  contact  with 
the  fluids  of  the  hepatic  tissue. 

Origin  and  Mode  of  Formation  of  Glycogen. — As  this  substance  is 
present  in  the  liver  tissue  of  both  carnivorous  and  herbivorous  animals, 
it  may  be  derived  from  the  materials  of  either  kind  of  food.  In  the 
carnivora,  at  least,  there  is  evidence  that  it  is  supplied  from  nitrogenous 
materials,  by  the  nutritive  changes  which  they  undergo  in  the  substance 
of  the  liver.  Under  some  circumstances  a material  resembling  glycogen, 
or  identical  with  it,  may  be  present  in  the  muscles  of  the  herbivora. 
Bernard  has  found  it  in  the  muscular  tissue  in  rabbits,  and  especially  in 
pigeons,  when  fed  upon  the  cereal  grains,  and  in  horses  kept  upon  oats 
and  barley ; but  in  all  these  animals  it  disappears  when  the  food  is 
changed,  or  after  some  days’  fasting.  Luchsinger1 2  has  also  found  it  to 
be  absent  from  the  muscles  of  the  rabbit  after  several  days’  fasting,  but 
to  continue  more  persistently  in  the  pectoral  muscles  of  the  fowl  under 
similar  conditions. 

It  is  accordingly  not  a constant  but  only  an  occasional  ingredient  of 
muscular  flesh,  and  when  present  is  usually  found  in  very  small  quan- 
tity. Poggiale,3  in  very  many  experiments  instituted  for  this  purpose 
by  a Commission  of  the  French  Academy  of  Sciences,  found  glycogen 
present  in  ordinary  butcher’s  meat  only  once.  We  have  also  foiind  it 
to  be  absent  from  the  fresh  meat  of  the  bullock’s  heart,  when  examined 
in  the  manner  described  above.  Nevertheless,  in  dogs  fed  exclusively 
for  eight  days  upon  this  food,  glycogen  may  be  abundant  in  the  liver, 
while  it  does  not  exist  in  the  other  internal  organs,  as  the  spleen,  lungs, 
and  kidneys. 

The  production  of  glycogen  from  nitrogenous  substances  is  also 
shown,  according  to  Bernard,  by  the  fact  that  it  makes  its  appearance 

1 Archiv  f'Ur  die  Gesammte  Physiologic,  1873.  Band  viii.  p.  290. 

2 Journal  de  la  Physiologic.  Paris,  1858,  p.  558. 
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in  the  bodies  of  maggots  during  the  course  of  their  development, 
although  neither  the  eggs  from  which  they  are  hatched,  nor  the  putrefy- 
ing meat  upon  which  they  feed,  contain  any  appreciable  traces  of  this 
substance. 

Glycogen  is  produced,  however,  in  especial  abundance  in  the  liver, 
after  the  ingestion  of  starchy  and  saccharine  food.  Bernard1  found  the 
decoction  of  the  liver  tissue  in  the  dog,  after  feeding  for  two  days  with 
bread  and  starch  paste,  very  turbid  and  milky  in  appearance.  Subse- 
quent experiments  by  the  same  observer2  have  shown  that  a starchy 
diet  augments  notably  the  quantity  of  glycogen  existing  in  the  liver. 
This  fact  was  first  demonstrated  in  a special  manner  by  the  observations 
of  Pavy,3  who,  by  comparative  experiments  upon  dogs  fed  with  animal 
and  vegetable  food,  found  that  the  influence  of  the  latter  was  to  increase 
very  decidedly  the  weight  of  the  whole  liver,  and  also  the  pencentage 
of  glycogen  which  it  contained.  The  same  effect  was  produced  by  a 
diet  of  animal  food  with  sugar  in  addition.  The  following  table  gives 
the  average  results  of  three  series  of  observations  by  Pavy : 


Average  Production  op  Glycogen,  in  Dogs,  under  Diet  of  Animal  and 

Vegetable  Food. 


Diet  for  Weight  of  liver,  Glycogen  in  the 

several  days  In  percentage  of  fresh  liver, 

previously.  bodily  weight.  per  cent. 

Tripe 3.03  7.19 

Tripe  and  sugar  . . . 6.42  14.50 

Meal,  bread,  potatoes  . . 6.06  17.23 


Experiments  on  the  rabbit  also  showed  that  in  this  animal  both  the 
weight  of  the  liver  and  its  percentage  in  glycogen  are  much  diminished 
by  several  days’  fasting,  but  are  maintained  at  the  maximum  standaid, 
for  a time  at  least,  by  a diet  consisting  exclusively  of  the  carbohydrates. 
The  average  results  were  as  follows : 


Average  Production  op  Glycogen  in  Rabbits,  in  the  Fasting  Condition  and 

WHEN  FED  ON  CARBOHYDRATES. 


Diet  for 
three  days 
previously. 

No  food  . 

Starch  and  sugar 


Absolute  weight 
of  liver 
(grammes). 

. 34.02 

. 73.71 


Glycogen  in  the 
fresh  liver 
(per  cent.). 

1.35 

16.15 


The  quantity  of  glycogen  found  in  the  liver  by  Pavy  is  considerably 
greater  than  that  obtained  by  subsequent  observers  under  similar  cir- 
cumstances, and  is  attributed  to  his  having  employed  an  imperfect 
method  of  purification  ; but  the  principal  fact  of  the  increase  of  glycogen 
under  the  use  of  the  carbohydrates  has  been  confirmed  by  several  other 


1 LeQons  de  Physiologic  Exp6rimentale.  Paris,  1855,  p.  159. 

2 Revue  des  Sciences  Medicalcs.  Paris,  1874,  tom.  iii.  p.  34. 

3 On  the  Nature  and  Treatment  of  Diabetes.  Loudon,  1862. 
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experimenters.  Dock  found,  in  kis  experiments  on  the  rabbit,1  that  after 
from  3 to  5 days’  fasting  the  glycogen  in  the  entire  liver  was  reduced 
to  a very  minute  quantity,  or  more  frequently  was  entirely  absent. 
But  if,  in  this  condition,  a solution  of  glucose  were  introduced  into  the 
stomach  through  a catheter,  and  the  animal  killed  from  19  to  24  hours 
afterward,  the  quantity  of  glycogen  contained  in  the  liver  amounted  to 
from  0.650  to  1.243  grammes.  After  even  7 days’  fasting,  followed  by 
an  injection  of  glucose  into  the  stomach,  so  short  a time  as  four  hours 
was  sufficient  to  produce  an  abundance  of  glycogen  in  the  liver.  The 
deposit  of  this  substance  accordingly  takes  place  so  rapidly  after  the 
ingestion  of  this  kind  of  food,  that  no  doubt  can  remain  of  its  being 
directly  produced  from  the  materials  of  the  saccharine  or  starchy  sub- 
stances. 

Tscherinow  showed,  by  his  observations  on  fowls,2  both  the  production 
of  glycogen  from  animal  food,  and  also  its  more  abundant  deposit  under 
a vegetable  diet.  He  found  that,  in  this  species,  two  days’  fasting  was 
sufficient  to  reduce  the  quantity  of  glycogen  to  a minimum.  After 
being  subjected  to  a preliminary  fast  of  this  duration,  the  fowls  were 
fed  for  two  or  three  days  with  different  kinds  of  food,  and  then  killed 
and  examined.  The  average  results  were  as  follows : 

Production  of  Glycogen  in  Fowls  under  different  kinds  of  Diet. 


Diet  previous  to  the  Glycogen  in  the  fresh 

experiment.  liver,  per  cent. 

Fasting,  2 days 0.57 

Lean  meat,  2 to  4 days 1.40 

Barley,  2 days 5.41 

Rice,  2 days 7.21 

Fibrine  and  sugar,  2 to  3 days 10.20 


It  appears  furthermore  from  the  experiments  of  Weiss  and  Luck- 
singer3  that  a similar  increase  of  glycogen  will  take  place  in  the  liver 
after  the  ingestion  of  glycerine  (C,I1,0:1),  a substance  closely  related  in 
chemical  composition  to  the  carbohydrates,  but  not  under  the  use  of  fat 
or  of  the  alkaline  tartrates  or  lactates. 

There  is  accordingly  every  reason  for  the  belief  that  the  carbohydrates, 
when  taken  in  with  the  food,  are  at  once  transported  to  the  liver  by  the 
portal  circulation,  and  there  fixed  in  its  substance  under  the  form  of 
glycogen.  It  makes  no  difference,  in  this  respect,  whether  these  sub- 
stances be  taken  as  starch  or  as  sugar ; since  starchy  matters  are  always 
transformed  into  glucose  by  the  process  of  digestion,  to  be  afterward 
absorbed  by  the  bloodvessels  of  the  intestine.  It  is  under  the  form  of 
glucose,  therefore,  that  they  all  enter  the  portal  circulation  and  thus 
reach  the  tissue  of  the  liver.  The  process  of  the  conversion  of  this  sub- 

1 Archiv  fUr  die  Gesammte  Physiologie.  Bonn,  1872,  Band  v.  571. 

2 Archiv  fiir  Pathologische  Anatomie  und  Physiologie,  1869,  Band.xlvii.  p.  102. 

3 Archiv  fiir  die  Gesammte  Physiologie,  1873,  Band  viii.  p.  290. 
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stance  into  glycogen  is  a dehydration ; that  is,  the  separation  from  it 
of  the  elements  of  water,  as  follows : 


Glucose.  Water.  Glycogen. 

c0h12o6  - h2o  = c0h10o6. 


It  is  not  possible  to  say  in  what  manner  or  by  what  influence  this 
change  takes  place ; but  it  is  one  of  the  simplest  actions  manifested  by 
organic  substances,  and  is  known  to  occur,  as  well  as  the  opposite  change 
of  hydration,  in  many  of  the  phenomena  of  both  animal  and  vegetable 
nutrition.  The  formation  of  glycogen  from  albuminous  materials  is  a 
more  complicated  process,  and  is  necessarily  accompanied  by  the  appear- 
ance of  another  secondary  product  containing  nitrogen  ; but  we  have  no 
certain  knowledge  as  to  what  this  substance  may  be,  or  whether  theie 
may  not  be  several  new  compounds  formed  at  the  same  time. 

Transformation  of  Glycogen  into  Sugar. — One  of  the  most  marked 
characters  of  glycogen,  as  extracted  from  the  liver  tissue,  is  its  lead} 
convertibility  into  glucose  by  contact  with  certain  organic  matters  con- 
tained in  the  secretions  and  in  the  blood.  1 his  change  takes  place 
partially  in  the  liver  itself;  and  the  consequence  is  that  in  a state  of 
health  the  tissue  of  the  organ  always  contains  glucose  as  well  as  gly- 
cogen. In  fact,  the  existence  and  production  of  sugar  in  the  liver  was 
a discovery  anterior  to  that  of  glycogen,  having  been  demonstrated  by 
Bernard1  in  1848.  The  experiments  of  this  observer,  the  most  important 
of  which  have  been  repeatedly  confirmed  by  others,  show  that  the  glu- 
cose found  in  the  liver  of  both  carnivorous  and  herbivorous  animals  has 
an  internal  origin,  and  that  it  first  makes  its  appearance  in  the  hepatic 


tissue  itself.  i i 

If  a dog,  cat,  or  other  carnivorous  animal,  be  fed  for  several  days 

exclusively  upon  meat  and  then  killed,  the  liver  alone  of  all  the  internal 
oro-ans  is  found  to  contain  glucose.  For  this  purpose,  a portion  of  the 
or°an  should  be  cut  into  small  pieces,  reduced  to  a pulp  by  grinding  m 
a mortar  with  a little  water,  and  the  mixture  coagulated  by  boiling  with 
an  excess  of  sodium  sulphate.  The  filtered  fluid  will  then  reduce  the 
oxide  of  copper,  with  great  readiness,  on  the  application  of  Trommer  s 
test.  A decoction  of  the  same  tissue,  mixed  with  a little  yeast,  will 
also  o-ive  rise  to  fermentation,  producing  alcohol  and  carbonic  acid,  as 
is  usual  with  saccharine  solutions.  On  the  contrary,  the  tissues  of 
the  spleen,  the  kidneys,  the  lungs,  and  the  muscles,  treated  m the  same 
way,  five  no  indication  of  sugar,  and  do  not  reduce  the  salts  of  copper. 
Every  other  organ  in  the  body,  as  well  as  the  blood  of  the  portal  vein 
by  which  the  liver  is  supplied,  may  be  destitute  of  sugar,  while  the  liver 

always  contains  it,  provided  the  animal  be  healthy.  . . 

The  presence  of  sugar  in  the  liver  is  common  to  all  species  of  animals, 
so  far  as  yet  known.  Bernard  found  it  invariably  in  monkeys,  dogs, 
cats,  rabbits,  the  horse,  the  ox,  the  goat,  the  sheep,  m birds,  in  leptiles, 


1 Comptes  Iteudus  de  l’Acaddmie  des  Sciences. 
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and  in  most  kinds  of  fish.  It  was  only  in  two  species  of  fish,  namely,  the 
eel  and  the  ray  ( Mureena  anguilla  and  liaia  baits),  that  he  sometimes 
failed  to  discover  it ; but  the  failure  in  these  instances  was  apparently 
owing  to  the  commencing  putrescence  of  the  tissue,  by  which  the  sugar 
had  probably  been  destroyed.  In  the  fresh  liver  of  the  human  subject, 
examined  after  death  from  accidental  violence,  sugar  was  found  to  be 
present  in  the  proportion  of  1.10  to  2.14  per  cent,  of  the  entire  weight 
of  the  organ. 

The  following  list  shows  the  average  percentage  of  sugar  present  in 
the  healthy  liver  of  man  and  different  species  of  animals,  according  to 
the  examinations  of  Bernard  : 


Percentage  op  Glucose  in  the  Liver. 


In  man  . 

. 1.68 

In  ox 

. 2.30 

“ monkey 

. 2.15 

“ horse 

. 4.08 

“ dog 

. 1.69 

“ goat  . 

. 3.89 

“ cat 

. 1.94 

“ birds  . 

. 1.49 

“ rabbit 

. 1.94 

“ reptiles 

. 1.04 

“ sheep 

. 2.00 

“ fish 

. 1.45 

The  glucose  thus  found  in  the  liver  originates  by  transformation  of 
the  glycogen  of  the  hepatic  tissue.  As  glycogen  diminishes  in  quantity 
or  disappears  altogether  by  continued  fasting,  and  is  again  produced 
from  the  ingestion  of  animal  food,  the  glucose  which  is  derived  from  it 
exhibits  similar  fluctuations.  In  the  carnivorous  animals,  sugar  is  pre- 
sent in  the  liver,  although  no  carbohydrates  have  been  given  with  the 
food  for  an  indefinite  time.  Bernard  kept  a dog  under  observation 
for  three  months  upon  an  exclusive  diet  of  boiled  calves’  heads,  and 
another  for  eight  months  upon  scalded  tripe.  At  the  end  of  that 
time  the  liver  in  each  case  contained  the  usual  quantity  of  glucose. 
We  have  also  found  that  in  the  dog,  after  an  exclusive  diet  for  eight 
days  of  the  fresh  meat  of  the  bullock’s  heart,  the  liver  contains  both 
glycogen  and  sugar,  while  neither  of  these  substances  exists  in  the 
blood  of  the  portal  vein.  The  diminution  of  glucose  by  fasting,  and  its 
reappearance  under  the  influence  of  animal  food,  were  shown  by  Ber- 
nard in  the  following  way:  Nine  rats,  taken  in  the  sewers  beneath  the 
College  of  Prance,  were  used  for  experiment.  Three  of  them  were  at 
once  killed  and  their  livers  found  to  be  highly  saccharine.  The  remainder 
were  then  kept  without  food  for  four  days.  At  the  end  of  that  time 
three  of  them  were  killed,  and  their  livers,  upon  examination,  found  to 
be  nearly  destitute  of  sugar,  only  slight  traces  being  discovered,  too 
small  for  quantitative  determination.  The  glucose  which  existed,  ac- 
cordingly, in  the  livers  of  these  animals  at  the  time  of  their  capture, 
had  disappeared  during  their  four  days’  period  of  fast.  The  remaining 
three  were  then  supplied  with  a meal  of  raw  beef,  and  when  killed,  six 
hours  afterward,  their  livers  contained  an  abundance  of  sugar. 

The  most  distinct  proof  that  the  saccharine  matter  of  the  liver  origi- 
16 
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nates  in  the  tissue  of  the  organ  itself,  by  transformation  of  the  glycogen, 
is  that  it  continues  to  be  formed  for  a certain  length  of  time  after  death, 
provided  the  liver  contain  glycogen.  This  fact  also  was  first  shown  by 
Bernard,1  and  is  easily  verified.  If  the  liver  of  a healthy  dog  be  taken 
out  of  the  body  immediately  after  death,  and  injected  with  water  by  the 
portal  vein,  the  watery  injection  which  escapes  by  the  hepatic  vein,  after 
traversing  the  liver-tissue,  will  be  found  to  contain  sugar.  But,  as  the 
injection  is  continued,  the  quantity  of  glucose  extracted  by  it  from  the 
liver  grows  constantly  less,  until,  in  from  half  an  hour  to  an  hour,  it  is 
completely  exhausted,  and  at  the  end  of  this  time  neither  the  injected 
fluid  nor  the  hepatic  tissue  contains  any  trace  of  glucose.  If  such  a 
liver  be  kept  in  a moderately  warm  place  for  some  hours  it  will  again 
be  found  abundantly  saccharine.  The  glucose  may  be  again  exhausted 
by  a fresh  injection  and  again  reproduced,  until  all  the  glycogen  has 
been  transformed  or  until  the  changes  of  decomposition  begin  to  be 
established.  The  glycogen  itself,  being  less  soluble  than  the  sugar, 
remains  behind  after  such  an  injection,  and  produces  a new  supply  of 
glucose  by  a new  transformation. 

Immediately  after  death,  accordingly,  if  the  liver  be  allowed  to  remain 
saturated  with  its  natural  organic  juices,  the  transformation  of  its  gly- 
cogen takes  place  at  first  with  considerable  rapidity;  approximating,  no 
doubt,  the  rate  at  which  this  transformation  takes  place  during  life. 
Within  the  first  hour,  according  to  our  own  observations  in  the  dog, 
the  glucose  in  the  liver  tissue  is  increased  to  between  4.81  and  5.G6 
times  its  original  amount.  After  this  the  change  goes  on  moie  slowlv, 
its  rate  diminishing  with  the  lapse  of  time,  so  that  at  the  end  of  twelve 
hours  the  sugar  may  have  increased  to  not  more  than  5.18  times  its 
former  quantity.  The  following  table  gives  the  results  of  three  ex- 
periments in  this  direction. 

Proportion  op  Glucose  in  the  Liver  of  the  Dog,  at  different  periods  after 


Death. 


At  the  end  of 


Per  thousand  parts. 


810 

792 


10.260 


3.850 

11.458 


4 seconds 
1 hour 
No.  3.  ■ ^ hours 

12  hours 


2.675 

11.888 

13.361 

15.351 


In  the  tables  of  Bernard  (page  234),  the  results  are  drawn  mostly  from 
livers  examined  some  time  after  death,  and  accordingly  represent,  not 


1 Gazette  Hebdomadaire.  Paris,  5 Octobre,  1855. 
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only  the  glucose  present  in  the  organ  at  the  moment  of  death,  but  also 
that  which  accumulates  afterward.  The  proportion  found  in  the  dog  at 
the  end  of  twelve  hours  corresponds  very  closely  in  both  tables. 

It  has  been  doubted  by  some  observers  (Pavy,  Meissner,  Ritter, 
Schitf),  whether  glucose  be  really  produced  in  the  liver  during  life  ; its 
presence  in  the  liver  tissue,  in  ordinary  examinations,  being  attributed 
entirely  to  a post-mortem  production  by  transformation  of  the  glycogen. 
It  is  true,  as  these  experimenters  have  found,  that  if  a small  portion  of 
the  liver  substance  be  cut  out  from  the  body  of  the  living  animal  and 
instantly  plunged  into  a freezing  mixture,  boiling  water,  or  strong 
alcohol,  so  as  to  arrest  the  transformation  of  the  glycogen,  its  subse- 
quent examination  may  not  show  the  presence  of  glucose  by  Trom- 
mer’s  test,  as  applied  in  the  usual  way.  Professor  Flint,  Jr.,1  by  ope- 
rating in  this  way  with  boiling  water,  found  in  two  instances,  where 
the  time  employed  in  the  extraction  and  coagulation  of  the  liver  sub- 
stance was  respectively  28  seconds  and  22  seconds,  there  was  no  marked 
or  certain  evidence  of  sugar.  In  another  instance,  where  the  time  em- 
ployed was  only  10  seconds,  the  liver  extract  presented  no  trace  of 
sugar  whatever;  and  yet  the  blood  of  the  hepatic  vein,  obtained  within 
a minute  after  the  first  operation,  showed  a well-marked  saccharine  reac- 
tion by  the  copper  test.  We  have  also  found,  that  under  similar  con- 
ditions, the  liver  tissue  may  yield  no  reduction  by  the  copper  test  at  the 
end  of  17  or  of  22  seconds,  though  it  is  distinct  in  50  seconds  after  its 
extraction  from  the  living  body.  Harley,2  by  killing  the  animal  by 
section  of  the  medulla  oblongata,  immediately  placing  a portion  of  the 
liver  in  a freezing  mixture  and  afterward  slicing  it  directly  into  boiling 
acidulated  water,  has  shown  that  glucose  may  be  demonstrated  to  exist 
in  the  organ  within  20  seconds  after  the  death  of  the  animal. 

But  the  failure  to  demonstrate  the  presence  of  glucose,  even  within 
the  shortest  time  after  the  extraction  of  the  liver,  is  only  owing  to  the 
use  of  too  small  a quantity  of  the  liver  tissue  and  an  imperfect  purifica- 
tion of  its  watery  extract.  If  these  sources  of  error  be  avoided,  glucose 
will  always  be  found  in  the  liver  at  the  instant  of  its  extraction,  or  as 
soon  afterward  as  the  necessary  test  can  be  applied.  In  order  to  demon- 
strate this,  a portion  of  the  liver  is  to  be  taken  out  of  the  abdomen  of 
the  living  animal  by  an  instantaneous  incision,  reduced  to  a pulpy  mass 
by  passing  it  between  two  fluted  rollers,  and  at  once  dropped  into  a 
vessel  of  boiling  water  or  of  strong  alcohol.  By  this  means  all  further 
change  of  the  glycogen  is  arrested,  and  the  time  which  elapses  between 
the  extraction  of  the  liver  substance  and  its  immersion  in  the  coagulating 
liquid  may  be  reduced  to  a very  few  seconds.  A watery  extract  is  finally 
to  be  made  of  the  liver  substance,  which  must  be  completely  purified  by 
the  repeated  use  of  animal  charcoal  until  it  is  absolutely  transparent 

' New  York  Medical  Journal,  January,  18G9. 

2 Proceedings  of  the  Royal  Society  of  London,  vol.  x.  p.  289. 
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and  colorless  1 after  which  it  is  tested  for  glucose  hy  the  use  of  Fehling’s 
solution. 

We  have  experimented,  in  the  manner  above  described,  upon  twenty 
dogs.  In  four  of  the  cases,  the  method  employed  was  that  by  boiling 
water;  in  the  remaining  sixteen  cases,  that  by  alcohol,  lhe  animals 
were  examined  four,  eight,  twelve,  and  twenty-four  hours  after  feeding; 
the  food  consisting  always  of  the  fresh  or  cooked  meat  of  the  bullock  s 
heart.  The  longest  time  which  elapsed  from  the  separation  of  the  liver 
to  its  immersion  in  alcohol  or  boiling  water  was  thirteen  seconds ; 
the  shortest  time  was  three  seconds.  The  average  time  was  six  and  a 
quarter  seconds.  In  every  instance  the  final  watery  solution  gave  a 
distinct  and  perfectly  unmistakable  sugar  reaction  by  the  copper  test. 
In  one-half  the  cases,  the  presence  of  sugar  alone  was  determined  by 
this  method ; in  the  remainder,  its  proportion  to  one  thousand  parts  of 

the  liver  tissue  was  also  ascertained. 

The  following  is  a list  of  these  experiments,  with  their  results  : 


Glucose  found  in  the  Liver  of  the  Dog  immediately  after  its  extraction. 


Experiment. 

Time  after 
feeding. 

Time  consumed  in 
taking  out  liver. 

Process 
of  treatment. 

Proportion  of  glucose 
per  thousand  parts. 

No.  1 

4 hours 

13  seconds 

Alcohol 

Glucose 

No.  2 

4 hours 

7 seconds 

No.  3 

4 hours 

10  seconds 

No.  4 

4 hours 

4 seconds 

No.  5 

8 hours 

7 seconds 

No  6 

8 hours 

6 seconds 

“ 

No.  7 

4 hours 

5 seconds 

Boiling  Water 

No.  8 

12  hours 

6 seconds 

No.  9 

12  hours 

8 seconds 

No.  10 
No.  11 
No.  12 
No.  13 
No.  14 
No.  15 
No.  16 

12  hours 
4 hours 
4 hours 
8 hours 
8 hours 
12  hours 
12  hours 

5 seconds 
9 seconds 
5 seconds 
7 seconds 
3 seconds 
5 seconds 
5 seconds 

Alcohol 

U 

li 

u 

ll 

ii 

2.093 

0.S04 

1.750 

1.510 

1.810 

4.175 

1.830 

4.375 

3.850 

2.675 

No.  17 
No.  18 

12  hours 
12  hours 

7 seconds 
3 seconds 

u 

No.  19 

24  hours 

5 seconds 

No.  20 

24  hours 

4 seconds 

It  appears  from  these  results,  that  when  the  requisite  precautions  are 
adopted,  glucose  is  found  in  the  liver  at  the  earliest  period  at  which  it 
is  possiblf  to  examine  the  organ  after  its  separation  from  the  body  of 
the  living  animal;  the  average  quantity  of  sugai  existing  m 
tissue,  at  this  time,  being  at  least  two  and  a half  parts  per 
The  exact  proportion  of  sugar  thus  present  in  the  hver  at  the  i sL 
of  death,  or  within  a few  seconds  afterward,  varies  from  0.804  to  - • 

i.  All  the  necessary  details  of  this  process  are  given  in  the  New  York  Medical 
Journal  for  July,  1871. 
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parts  per  thousand.  These  variations  appear  to  depend  upon  individual 
differences  in  the  animals  employed  for  experiment ; in  the  same  man- 
ner as  other  ingredients  of  the  tissues  and  fluids  are  found  to  vary, 
within  physiological  limits,  in  different  individuals. 

As  sugar  is  found,  under  some  circumstances,  in  minute  quantity  in 
the  blood  of  the  general  circulation,  there  might  be  room  for  doubt 
whether  the  glucose,  present  in  the  liver  at  the  moment  of  death,  be  not 
due  to  the  arterial  blood  with  which  the  organ  is  supplied,  rather  than 
an  ingredient  of  the  hepatic  tissue.  This,  however,  is  not  the  case,  as 
is  shown  by  examining,  at  the  same  time  with  the  liver  or  immediately 
afterward,  some  other  abdominal  organ  equally  well  supplied  with  arte- 
rial blood.  In  the  experiments  above  described,  the  spleen  in  three 
cases  was  taken  out  within  ten  minutes  after  the  excision  of  the 
liver,  treated  in  the  same  manner  by  the  alcohol  process,  and  examined 
for  glucose  with  the  following  result: 

Proportion  op  Glucose  per  Thousand  Parts. 


At  the  end  of 

-vt  i i ( 3 seconds  . 
Exp.  No.  14.  1 . 

1 ( 10  minutes 

In  the 

. Liver  . 
. Spleen  . 

. 1.510 
. 0. 

-n  xt  in  [ 5 seconds  . 

Exp.  No.  19.  { 1()  mirate8 

. Liver  . 
. Spleen  . 

. 3.850 
. 0. 

Exp.  No.  20.  ( * se.““<ls  ' 
1 (.10  minutes 

. Liver  . 
. Spleen  . 

. 2.675 
. 0. 

It  is  evident,  accordingly,  that  the  liver  sugar  does  not  belong  to  the 
arterial  blood  with  which  the  organ  is  supplied,  but  is  a normal  ingre- 
dient of  the  hepatic  tissue. 

The  sugar  formed  in  the  liver  is  similar  in  most  of  its  properties  to 
the  glucose  derived  from  other  sources.  Its  solution  readily  reduces 
the  salts  of  copper  in  Trommer’s  or  Fehling’s  test,  and  is  colored  brown 
when  boiled  with  a solution  of  caustic  alkali.  It  rapidly  enters  into 
fermentation  if  mixed  with  yeast  and  kept  at  a temperature  of  from  21° 
to  38°  (70°  to  100°  F.).  It  is  distinguished  from  other  varieties  of  sugar, 
according  to  Bernard,1  by  the  readiness  with  which  it  becomes  decom- 
posed in  the  blood — since  cane  sugar,  if  injected  into  the  circulation  of 
a living  animal,  passes  through  the  system  without  sensible  decomposi- 
tion, and  is  discharged  unchanged  with  the  urine;  sugar  of  milk,  and 
glucose  prepared  artificially  from  starch,  if  injected  in  moderate  quan- 
tity, are  decomposed  in  the  blood,  but  if  introduced  in  greater  abund- 
ance, make  their  appearance  also  in  the  urine ; while  a solution  of  liver- 
sugar,  though  injected  in  much  larger  quantity  than  either  of  the  others, 
may  disappear  altogether  in  the  circulation,  without  passing  off  by  the 
kidneys. 

Absorption  and  final  Disappearance  of  the  Liver-sugar. — The  glu- 
cose produced  in  the  liver  by  transformation  of  the  glycogen  does  not 

1 LeQons  de  Physio'.ogie  Exp6rimentale.  Paris,  1855,  p.  213. 
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remain,  at  the  place  of  its  formation.  It  is  constantly  absorbed  by  the 
blood  traversing  the  capillaries  of  the  organ,  and  carried  away  in  the 
current  of  the  circulation.  This  is  shown  by  the  fact  that  not  only  the 
liver  tissue,  but  also  the  blood  of  the  hepatic  vein  contains  glucose  in 
appreciable  quantity,  although  it  may  not  exist  in  the  portal  blood  by 
which  the  organ  is  supplied.  As  the  blood  accordingly,  before  its  en- 
trance into  the  liver,  in  these  cases,  is  destitute  ol  sugar,  and  yet  con- 
tains this  substance  after  its  passage  through  the  organ,  it  must  acquire 
its  saccharine  ingredients  by  the  absorption  of  glucose  in  the  liver 
itself.  Bernard  has  shown1  that  if  two  specimens,  of  portal  and  hepatic 
blood,  be  taken  from  the  same  dog,  when  in  a fasting  condition  or  after 
an  exclusive  diet  of  animal  food,  the  former  will  show  no  trace  of  sugar, 
while  the  latter  will  be  distinctly  saccharine.  Lehmann'-  has  obtained 
similar  results  by  experimenting  upon  both  dogs  and  horses.  In  these 
animals,  nourished  with  vegetable  matters,  glucose  was  found  in  the 
blood  of  the  portal  vein,  though  often  in  very  small  quantities.  In 
dogs,  when  under  a diet  of  animal  food,  the  portal  blood  contained  no 
glucose,  while  this  substance  was  present  in  the  blood  of  the  hepatic 
vein.  The  following  table  gives  the  results  of  Lehmann’s  experiments : 


Quantity  of  Glucose  in  the  Blood  of  the  Hepatic  Yein.  as  compared  with 

that  of  the  Portal  Yein. 


Proportion  of  glucose  per  thousand  parts 

in  the  blood  of  the 

Species 
of  animal. 

Regimen  previous  to  the 
experiment. 

Portal  vein. 

Hepatic  vein. 

Dog 

ll 

Fasting  for  two  days 

a H “ 

0 

0 

7.640 

6.380 

u 

u a “ 

0 

8.040 

ti 

Meat 

0 

8.140 

ll 

ll 

0 

7.990 

ii 

ll 

0 

9.460 

a 

ll 

Boiled  potatoes 

ii  a 

Traces 

9.810 

8.540 

Horse 

ll 

Bran,  bay,  and  straw 

ii  ii  << 

0.550 

0.052 

8.950 

6.350 

Glucose,  accordingly,  although  constantly  produced  in  the  liver,  does 
not  accumulate  in  the'  organ  during  life,  owing  to  its  being  absorbed 
by  the  blood,  and  carried  away  nearly  as  rapidly  as  it  is  formed.  It  is 
only  after  death,  when  the  circulation  has  come  to  an  end  and  the  trans- 
formation of  glycogen  still  goes  on  for  a time,  that  the  proportion  of 
o-lucose  in  the  liver  tissue  becomes  notably  increased.  The  circulation 
of  blood  through  the  organ,  so  long  as  it  continues,  acts  like  an  artificial 
watery  injection  of  the  hepatic  vessels,  and  extracts  from  its  substance 
the  sugar  which  has  been  produced  at  the  expense  of  the  glycogen. 


1 

2 


!qoiis  de  Pliysiologie  Experiment^.  Paris,  1855,  p 265,  469. 

rniptes  Rendus  de  1’ Academie  des  Sciences.  Paris,  185o.  lome  xl.  p.  080. 
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Unless,  therefore,  a new  supply  of  food  be  taken,  all  the  glycogen  of  the 
liver,  as  shown  by  experiments  cited  above,  becomes  after  a time  ex- 
hausted j having  gradually  undergone  the  saccharine  transformation  and 
absorption  by  the  bloodvessels. 

Owing  to  these  processes  going  on  in  the  hepatic  tissue,  the  blood 
beyond  the  liver,  that  is,  the  blood  in  the  hepatic  vein,  the  inferior  vena 
cava  above  the  diaphragm,  and  the  right  side  of  the  heart,  contains 
traces  of  glucose.  The  proportion  of  sugar  in  the  blood,  however,  con- 
stantly diminishes  as  it  recedes  from  the  point  of  its  origin,  since  the 
saccharine  blood  coming  from  the  liver  is  diluted  with  that  of  the  inferior 
vena  cava,  and  this  mixture  again  with  that  of  the  superior  vena  cava, 
before  reaching  the  right  cavities  of  the  heart.  Beyond  the  pulmonary 
circulation,  under  ordinary  circumstances,  it  has  disappeared  altogether, 
so  that  no  sugar  is  to  be  found,  as  a rule,  in  the  blood  of  the  general 
circulation. 

The  changes,  therefore,  which  take  place  in  the  liver,  so  far  as  regards 
the  carbohydrates,  consist,  first,  in  a deposit  of  glycogen,  derived  from 
the  ingredients  of  the  blood.  This  glycogen  acts  as  a reserve  material, 
which  is  afterward  used  for  the  purposes  of  nutrition.  The  vegetable 
starch  and  sugar  of  the  food,  after  digestion,  are  absorbed  under  the 
form  of  glucose  and  taken  up  by  the  vessels  of  the  portal  system.  This 
glucose  does  not  at  once  enter  the  general  circulation,  but  on  reaching 
the  liver  undergoes,  for  the  most  part,  a conversion  and  deposit  as 
glycogen,  or  animal  starch.  It  then  gradually  again  passes  into  the 
form  of  glucose  by  a secondary  transformation,  and  in  this  form  is 
carried  away  by  the  hepatic  blood,  to  be  finally  decomposed  or  assimi- 
lated in  some  unknown  manner  for  the  maintenance  of  the  vital  phe- 
nomena. The  final  product  of  its  metamorphosis  or  destruction  in  the 
animal  body  is  undoubtedly  carbonic  acid  and  the  elements  of  water ; 
but  how  far  this  is  accomplished  by  direct  oxidation,  or  what  other 
intermediate  changes  may  occur  in  the  act  of  nutrition,  cannot  as  yet  be 
determined  with  certainty. 

Similar  successive  transformations  of  the  starchy  and  saccharine 
carbohydrates  are  already  known  to  take  place  in  vegetables.  In  the 
growing  plant,  under  various  conditions,  the  starch,  first  formed  in  the 
green  leaves,  passes  into  the  condition  of  a saccharine  fluid  to  be  trans- 
ported into  organs  of  reserve,  such  as  tuberous  roots,  grains,  and  fruits, 
where  it  is  again  deposited  as  starch ; and  from  these  it  is  subsequently 
taken  up  at  the  requisite  time  as  glucose,  and  carried  by  the  vascular 
channels  into  the  growing  organs  for  its  final  destruction  or  assimila- 
tion.1 Starch  and  sugar,  therefore,  in  animals  as  well  as  in  vegetables, 
are  to  be  regarded  as  two  different  forms  of  the  same  nutritive  substance, 
one  of  which  is  in  the  condition  of  temporary  deposit,  the  other  in  that 
of  solution  and  activity. 

1 Mayer,  Lehrbuch  der  Agrikultur  Chemie.  Heidelberg,  1871,  Band  i.  pp.  76, 
78,  81. 


240 


PRODUCTION  OF 


Accumulation  of  Glucose  in  the  Blood , and  its  discharge  by  the  Urine. 

The  sugar  formed  from  the  glycogen  of  the  liver,  and  discharged  little 

by  little  into  the  circulation,  is  not  usually  recognizable  at  a distance 
from  the  organ,  owing  to  the  changes  which  it  undergoes  in  the  blood. 
But  under  certain  conditions  its  quantity,  or  the  rapidity  of  its  dis- 
charge by  the  liver,  may  be  increased  ; so  that,  its  decomposition  no 
longer  keeping  pace  with  its  production,  it  is  diffused  to  a greater  dis- 
tance from  the  point  of  its  origin.  Bernard  has  observed  this  to  take 
place,  in  an  appreciable  degree,  during  ordinary  digestion.  In  this  pro- 
cess, the  circulation  through  the  liver  being  increased  in  intensity,  after 
a time  the  glucose  derived  from  its  substance  may  become  perceptible 
in  small  quantity  beyond  the  lungs,  and  traces  of  it  may  appear  in  the 
arterial  blood.  At  the  same  time  its  alteration  continues  to  be  effected, 
so  that  the  venous  blood,  after  passing  through  the  capillaries  of  the 
general  system,  is  no  longer  saccharine.  This  condition  lasts  but  for  a 
short  time.  As  the  digestive  process  comes  to  an  end,  and  the  hepatic 
circulation  returns  to  its  ordinary  standard  of  activity,  the  glucose 
which  it  supplies  to  the  blood  is  again  reduced  to  such  a proportion,  that 
it  disappears  altogether  from  the  vascular  system  beyond  the  right  side 

of  the  heart.  . 

I f,  however,  from  any  cause,  the  quantity  of  glucose  m the  blood  of 

the  general  circulation  be  increased  beyond  a certain  proportion,  it  then 
fails  to  be  completely  decomposed  or  assimilated,  and  a part  of  it  is  dis- 
charged by  the  kidneys.  Under  these  circumstances  the  urine  becomes 
saccharine,  and  the  animal  is  placed  in  a condition  of  diabetes.  The 
proportion  of  glucose  which  the  blood  must  contain,  in  order  that  it  may 
be  discharged  by  the  kidneys,  has  been  determined  in  several  instances. 
Yon  Becker  found1  that  in  rabbits,  if  glucose  be  present  in  the  blood  in 
the  proportion  of  5 parts  per  thousand,  it  passes  off  by  the  urine,  where 
it  may  be  distinctly  recognized  by  the  copper  test ; but  if  less  aoundant 
than  this,  the  indications  of  its  presence  in  the  urine  are  faint  and  un- 
certain. Bernard  ascertained,2  by  injecting  in  the  same  animal  a solu- 
tion of  glucose  into  the  veins,  that  in  general  a condition  of  diabetes 
was  produced  when  glucose  was  injected  in  larger  quantity  than  one  part 
per  thousand  of  the  entire  bodily  weight.  The  appearance  of  glucose  m 
the  urine  is  therefore  dependent  upon  the  proportion  m which  it  exists 
in  the  blood.  If  its  quantity  be  below  a certain  point,  it  is  all  decom- 
posed by  contact  with  the  ingredients  of  the  blood;  if  it  be  aboie  th 
point,  some  of  it  escapes  this  change  and  is  then  eliminated  as  an  in- 
gredient of  the  urine.  According  to  the  experiments  of  Yon  Beckei  a 
folution  of  glucose,  injected  into  the  jugular  vein  of  the  rabbit  in  suffi- 
cient quantity,  may  cause  the  appearance  of  sugar  in  the  mine  in  es 
than  three  hours ; but  at  the  end  of  from  six  to  seven  hours  the  whole 


1 Zeitsclirift  fiir  Wissenschaftliche  Zoologie,  Band  v.  p.  1I6. 

« Lcqous  sur  les  Liquides  de  l’Organisme.  Paris,  1859,  tome  n.  p.  <3. 
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of  it  may  be  eliminated,  so  that  it  is  no  longer  to  be  found  as  an  ingie- 
dient  of  the  excretions. 

There  are  a variety  of  circumstances  which  may  so  increase  the  pro- 
portion of  glucose  in  the  blood  as  to  cause  a saccharine  condition  of  the 
urine. 

I.  One  of  these  causes  is  an  unusually  abundant  and  rapid  absorption 
of  sugar  from  the  intestine.  The  sugar  taken  in  with  the  food,  01  pro- 
duced in  the  intestine  by  the  transformation  of  starch,  is  usually  changed 
into  glycogen  by  the  hepatic  tissue,  and  is  afterward  only  slowly  recon- 
verted into  glucose  and  discharged  under  this  form  into  the  blood.  But 
where  a very  large  quantity  of  sugar  is  suddenly  absorbed  by  the  blood- 
vessels of  the  intestine  and  at  once  carried  by  the  portal  vein  to  the 
liver,  the  tissue  of  the  organ  is  not  capable  of  immediately  converting 
the  whole  of  it  into  glycogen.  Thus  a portion  of  the  sugar  taken  up 
in  this  way  passes  through  the  hepatic  circulation  unchanged,  and,  reach- 
ing the  general  circulation  in  unusual  quantity,  is  accordingly  discharged 
with  the  urine.  Yon  Becker  observed  that  when  concentrated  solutions 
of  glucose  are  introduced  in  abundance  into  the  intestinal  canal  ot  the 
rabbit,  it  may  appear  subsequently  in  the  urine.  Bernard  has  also  found 
that,  in  the  rabbit  after  one  or  two  days’  fasting,  if  sugar  in  large  amount 
be  injected  into  the  stomach,  the  urine  becomes  diabetic;  and  that  the 
same  result  may  follow,  if  the  animal,  in  a similar  fasting  condition,  be 
made  to  eat  a considerable  quantity  of  carrots,  which  are  highly  saccha- 
rine. The  same  thing  has  been  observed  by  Bernard  in  the  human  sub- 
ject, in  consequence  of  taking  a large  supply  of  sugar  in  solution  when 
the  stomach  has  been  empty  for  several  hours.  This  result  is  produced, 
however,  only'  when  a much  greater  abundance  of  sugar  is  present  in 
the  intestine  than  occurs  in  ordinary  digestion,  and  depends  upon  the 
excessive  quantity  absorbed  within  a given  time. 

II.  A diabetic  condition  may  also  be  induced  by  anything  which 
hastens  the  circulation  of  blood  through  the  liver , or  increases  its  supply 
of  blood.  Many  observers  have  met  with  this  result,  as  produced  by  a 
variety  of  causes.  Bernard  has  found  that  in  dogs  the  blood  of  the 
venous  system  generally  may  present  traces  of  glucose  after  the  abdo- 
men of  the  animal  has  been  subjected  to  pressure  or  manipulation  over 
the  region  of  the  liver,  and  after  any  continued  struggles  or  convulsive 
muscular  action,  by  which  the  abdominal  organs  are  forcibly  compressed 
In  the  same  animal,  according  to  the  experiments  of  Harley,  the  injec- 
tion of  weak  solutions  of  ammonia  or  of  ether  into  the  portal  vein  may 
be  followed  by'  a saccharine  condition  of  the  urine.  This  condition  has 
also  been  seen  in  the  human  subject  after  a bruise  received  upon  the 
right  hypochondriac  region.  The  resistance  of  an  animal  to  the  inhala- 
tion of  ether  and  the  subsequent  muscular  relaxation,  general  paralysis 
from  a fracture  of  the  skull  with  cerebral  hemorrhage,  and  the  action  of 
woorara , or  the  South  American  arrow-poison,  which  also  causes  complete 
muscular  paralysis,  are  all  known  to  be  sometimes  followed  by  the  ap- 
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pearance  of  sugar  in  the  urine.  Schiff1  has  even  found  that  in  various 
animals,  by  simply  compressing  the  abdominal  aorta  for  ten  minutes,  or 
by  tying  the  principal  bloodvessels  of  one  limb,  he  has  induced,  for  the 
time,  a condition  of  diabetes.  These  different  causes  may  all  operate 
by  accelerating  the  hepatic  circulation  as  well  as  that  of  the  abdominal 
organs  generally. 

III.  A saccharine  condition  of  the  blood  and  urine  may  also  be  in- 
duced by  puncture  of  the  medulla  oblongata  in  the  floor  of  the  fourth 
vertriele.  This  remarkable  fact,  which  was  first  discovered  by  Bernard,'1 
may  be  demonstrated  in  both  carnivorous  and  herbivorous  animals.  It 
is  best  shown  in  the  rabbit  by  introducing  a narrow  chisel-shaped 
instrument,  with  the  cutting  edge  directed  transversely,  through  the 
back  part  of  the  skull  and  the  cerebellum,  so  that  it  shall  pierce  the  pos- 
terior part  of  the  medulla  exactly  in  the  median  line,  without  passing 
completely  through  its  substance.  Glucose  appears  in  the  urine  after 
from  one  to  two  hours  and  continues  to  be  present  for  two  or  three  days. 
The  immediate  effect  of  this  operation,  according  to  the  direct  observa- 
tions of  Bernard,  is  to  increase  the  activity  of  the  abdominal  and 
hepatic  circulation.  It  is  not  due  to  a direct  influence  conveyed  by  the 
pneumogastric  nerve,  since  the  result  follows,  as  usual,  although  the 
pneumogastric  nerves  may  have  been  divided,  and  neither  division  nor 
irritation  of  these  nerves  produces  a similar  effect.  When  successfully 
performed,  the  operation  causes  no  serious  disturbance  of  the  vital 
functions,  and  the  animal  recovers  after  a few  days  without  suffering 
permanent  injury. 

In  all  the  instances  above  mentioned,  the  appearance  of  sugar  in  the 
urine  is  only  temporary,  depending  upon  an  occasional  disturbance  of 
the  circulation.  When  in  the  human  subject  this  condition  becomes 
permanent,  it  constitutes  the  disease  known  as  Diabetes  mellitus.  In 
this  affection,  which  is  generally  progressive  and  fatal,  the  urine  is 
increased  in  quantity,  of  greater  specific  gravity  than  natural,  and 
continuously  charged  with  sugar,  sometimes  in  excessive  abundance. 
Fluctuations  are  observable  in  the  quantity  of  glucose  discharged  at 
different  periods  of  the  digestive  process,  but  it  may  continue  to  appear, 
even  when  no  starchy  or  saccharine  matter  is  taken  with  the  food. 

1 Journal  de  l’Anatomie  et  de  la  Pliysiolojrie.  Paris.  1866.  No.  iv.  p.  365. 

2 LeQons  do  Physiologie  Exp6riinentale.  Paris,  1855,  p.  290. 
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CHAPTER  XII. 

THE  BLOOD. 

The  blood,  in  its  natural  condition,  while  circulating  in  the  vessels, 
is  a thick  opaque  fluid,  varying  in  different  parts  of  the  body  from  a 
brilliant  scarlet  to  a dark  purple  or  nearly  black  color.  It  has  a slightly 
alkaline  reaction,  and  a specific  gravity  of  1055.  It  consists,  first,  of  a 
nearly  colorless,  transparent,  alkaline  fluid,  termd  the  plasma,  containing 
water,  fibrine,  albumen,  and  salts,  in  a fluid  condition;  and,  secondly,  of 
a large  number  of  distinct  cells,  or  corpuscles,  the  blood-globules , swim- 
ming freely  in  the  liquid  plasma.  The  globules  form  about  40  per  cent., 
and  the  plasma  about  60  per  cent.,  by  volume,  of  the  entire  mass.  The 
specific  gravity  of  the  two  ingredients  is  somewhat  different.  That  of 
the  plasma  is  about  1030  ; that  of  the  globules,  1088.  Their  relative 
quantities  by  weight  are  therefore  more  nearly  equal  to  each  other  than 
when  estimated  by  volume;  the  exact  proportions,  according  to  Robin, 
being  nearly  45  per  cent,  of  globules  and  55  per  cent,  of  plasma. 

Notwithstanding  the  difference  in  specific  gravity  between  the  blood- 
globules  and  the  plasma,  the  natural  movement  of  the  blood  in  the 
vessels  keeps  them  thoroughly  mingled ; and  even  when  the  blood  is 
allowed  to  remain  at  rest  in  a glass  jar,  the  globules  subside  only  very 
slowly  and  imperfectly.  Thus  the  globules,  disseminated  uniformly 
throughout  the  plasma,  give  to  the  entire  mass  of  the  blood  an  opaque 
aspect  and  a deep  red  color. 

The  globules  of  the  blood  are  of  two  kinds,  namely,  red  and  white; 
of  these  the  red  are  by  far  the  most  numerous. 

Red  Globules  of  the  Blood. 

The  red  globules  of  human  blood  are  so  abundant  that,  in  the  thinnest 
layer  under  the  microscope,  they  appear  crowded  together  in  such  profu- 
sion as  to  cover  or  touch  each  other  in  every  direction.  According  to 
the  estimates  of  Welcker  and  Yierordt  about  5 millions  of  them  are  con- 
tained in  each  cubic  millimetre  of  blood.  On  account  of  their  quantity 
therefore,  as  well  as  their  peculiar  properties,  it  is  evident  that  they 
form  a most  important  constituent  of  the  circulating  fluid. 

Physical  Properties  of  the  Red  Globules. — The  red  globules  of  hu- 
man blood  present,  under  the  microscope,  a perfectly  circular  outline 
and  a smooth  exterior.  According  to  the  most  recent  and  careful  mea- 
surements of  various  observers,  they  have,  on  the  average,  a transverse 
diameter  of  from  7.50  to  7.75  rnmrn.  Their  size  varies  more  or  less, 
but  this  variation  is  not  very  marked  for  the  greater  number  of  the 
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globules,  and,  according  to  the  observations  of  Schmidt,  over  90  per 
cent,  of  those  contained  in  a single  specimen  have  the  same  dimensions. 
The  smallest  size  observed  is  4.50  mmm.  (Harting),  and  the  largest  9.3 

mmm. ; while  their  average  di- 
Fig.  76.  ameter,  as  found  in  different 

individuals,  varies  from  6.70  to 
8..20  mmm. 

The  form  of  the  red  globule 
is  that  of  a spherbid,  very  much 
flattened  on  its  opposite  sur- 
faces, somewhat  like  a thick 
piece  of  money  with  rounded 
edges.  The  globule  accordingly, 
if  seen  flatwise,  presents  a com- 
paratively broad  surface  and  a 
circular  outline  (Fig.  76,  a); 
but  if  it  be  made  to  roll  over, 
it  will  present  itself  edgewise 
during  its  rotation,  and  assume 
the  flattened  form  indicated 
at  b.  The  thickness  of  the 
globule,  seen  in  this  position, 
is  about  one-fifth  of  its  transverse  diameter.  When  the  globules  are 
examined  lying  upon  their  broad  surfaces,  it  can  be  seen  that  these 

surfaces  are  not  exactly  flat, 


Human  Blood-globules.  — a.  Bed  glob- 
ules, seen  flatwise,  b.  Bed  globules,  seen  edge- 
wise. c.  White  globule. 


Fig.  77. 


but  that  there  is  on  each  side  a 
slight  central  depression,  so  that 
the  rounded  edges  of  the  blood- 
globule  are  evidently  thicker 
than  its  middle  portion.  This 
inequality  produces  a remarka- 
ble optical  effect.  The  substance 
of  which  the  blood-globule  is 
composed  refracts  light  more 
strongly  than  the  fluid  plasma. 
Therefore,  when  examined  with 
the  microscope  by ''transmitted 
light,  the  thick  edges  of  the 
globules  act  as  double  convex 
lenses,  and  concentrate  the  light 
above  the  level  of  the  fluid. 
Consequently,  if  the  object-glass 
be  carried  upward  by  the  ad- 
justing screw  of  the  microscope,  and  lifted  away  from  the  stage  so  that 
the  blood-globules  tall  beyond  its  focus,  their  edges  will  appear  brighter. 
But  the  central  portion  of  each  globule,  being  excavated  on  both  sales, 
acts  as  a double  concave  lens,  and  disperses  the  light  from  a point  be- 


Red  Globules  of  the  Blood,  Been  a little 
beyond  the  focus  of  the  microscope. 
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The  S ame,  seen  a little  within  the  focus. 


low  the  level  of  the  fluid.  It  thus  becomes  brighter  as  the  object- 
glass  is  carried  downward,  and  the  object  falls  within  its  locus.  An 
alternating  appearance  of  the 

blood-globules  may,  therefore,  Fl--  l8- 

be  produced  by  viewing  them 
first  beyond  and  then  within  the 
focus  of  the  instrument.  When 
beyond  the  focus,  the  globules 
will  be  seen  with  a bright  rim 
and  a dark  centre  (Fig.  1*1). 

When  within  it,  they  will  appear 
with  a dark  rim  and  a bright 
centre.  (Fig.  78.) 

Within  a minute  after  being 
placed  under  the  microscope, 
the  blood-globules,  after  a fluc- 
tuating movement  of  short  du- 
ration, often  arrange  themselves 
in  slightly  curved  rows  or  chains, 
in  which  they  adhere  to  each 
other  by  their  flat  surfaces,  presenting  an  appearance  which  has  been 
aptly  compared  with  that  of  rolls  of  coin.  This  is  probably  owing  to 
the  coagulation  of  the  blood, 

which  takes  place  very  rapidly  Fig.  79. 

when  spread  out  in  thin  layers 
and  in  contact  with  glass  sur- 
faces ; and  which,  by  compress- 
ing the  globules,  forces  them 
into  such  a position  that  they 
occupy  tire  least  possible  space. 

The  color  of  the  blood-glob- 
ules, when  viewed  by  transmit- 
ted light  and  in  a thin  layer,  is 
a light  amber  or  pale  yellow. 

It  is  deep  red  when  seen  by  re- 
flected light,  or  in  thick  layers. 

The  bloocl-globules  have  a con- 
sistency which  is  very  nearly 

fluid  They  are  exceedingly  _ 

J ° J Red  Globules  of  the  Blood,  adhering 

flexible,  and  easily  elongated,  together,  like  roils  of  coin. 

bent,  or  distorted  by  pressure 

in  passing  through  the  narrow  currents  of  fluid  which  often  establish 


themselves  in  a drop  of  blood  under  microscopic  examination ; but  re- 
gain their  original  shape  as  soon  as  the  pressure  is  taken  off. 

So  far  as  immediate  observation  can  show,  the  red  globules  of  the 
blood,  in  man  and  the  mammalians,  are  homogeneous  in  structure.  The 
most  cai’eful  examination- fails  to  show,  with  any  certainty,  the  evidence 
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of  an  external  envelope,  distinct  from  tbe  parts  contained  within  it ; 
and  although  some  microscopists  of  high  authority  (Kolliker,  Richard- 
son) continue  to  regard  the  existence  of  such  a cell-membrane  as  proba- 
ble, it  is  not  generally  admitted,  and  cannot  be  directly  demonstrated. 

Each  globule  appears  to  con- 


Fig.  80. 


Red  Globules  of  the  Blood,  shrunken, 
with  their  margins  orenated. 


sist  of  a mass  of  organic  sub- 
stance, presenting  the  same 
color,  consistency,  and  compo- 
sition throughout. 

The  appearance  of  the  blood- 
globules  is  altered  by  various 
physical  and  chemical  reagents* 
if  a drop  of  blood,  when  placed 
under  the  microscope,  be  not 
protected  from  evaporation,  the 
globules  near  the  edges  of  the 
preparation  often  diminish  in 
size,  becoming  shrivelled  and 
crenated,  presenting  an  appear- 
ance as  if  minute  granules  were 
projecting  from  their  surfaces  ; 
an  effect  apparently  produced 
by  the  loss  of  a part  of  their 


watery  ingredients.  This  distortion  of  the  globules  sometimes  takes 
place  with  great  rapidity,  and  care  is  requisite  not  to  confound  a change 
produced  by  external  physical  causes  with  morbid  alteration  of  the  ru- 
o-redients  of  the  blood.  According  to  the  observations  of  Kolliker,  this, 
as  well  as  certain  other  abnormal  forms  presented  by  the  blood-globules, 
is  never  to  be  seen  in  the  blood  while  circulating  in  the  vessels. 

If  water,  on  the  other  hand,  be  added  to  the  blood,  so  as  to  dilute  the 
plasma,  the  red  globules  absorb  it  by  imbibition,  lose  the  central  con- 
cavity of  their  flat  surfaces,  assume  the  spherical  form,  and  become 
paler.  If  a larger  quantity  of  water  be  added,  it  may  dissolve  out  com- 
pletely the  coloring  matter,  leaving  the  globules  as  pale,  colorless  circles, 
which  are  almost  invisible  on  account  of  their  tenuity.  They  may  sti  , 
however,  be  brought  into  view  by  the  addition  of  an  iodine  solution, 
which  stains  them  of  a yellowish  color.  If  the  water  added  to  the 
blood  be  moderate  in  quantity,  just  sufficient  to  be  taken  up  by  imbibi- 
tion by  the  globules,  but  not  to  extract  their  coloring  matter,  a special 
change  in  their  form  is  exhibited.  The  edges  of  the  globules,  being 
thicker  than  the  central  portions,  and  absorbing  water  more  abun- 
dantly, become  turgid,  and  encroach  gradually  upon  the  central  part. 
fFi-.  81.1  It  is  very  common  to  see  the  central  depression,  under  these 
circumstances,  disappear  on  one  side  before  it  is  lost  on  the  other,  so 
that  the  globule,  as  it  swells  up,  curls  over  toward  one  side,  and 
assumes  a peculiar  cup-shaped  form.  (Fig.  81,  a,  a.)  This  figure  may 
often  be  seen  in  blood-globules  after  soaking  for  some  time  in  the  urine, 
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or  other  animal  fluids  of  less  density  than  the  plasma  of  the  blood. 
Dilute  acetic  acid,  added  to  the  blood,  instantly  extracts  the  coloring 
matter  of  the  red  globules,  reducing  them  to  the  condition  of  pale  and 
nearly  invisible  colorless  bodies. 

After  the  action  of  water, 
however,  these  colorless  cells 
remain  for  a long  time,  and  are 
dissolved  very  slowty  in  com- 
parison with  the  coloring  mat- 
ter. 

Dilute  alkaline  solutions,  on 
the  contrary,  dissolve  readily 
the  whole  substance  of  the 
blood-globules.  A solution  of 
potassium  hydrate,  in  the  pro- 
portion of  ten  per  cent.,  acts 
most  rapidly  in  this  manner. 

Solutions  of  soda  and  ammonia 
have  a similar  effect,  although 
less  promptly  than  the  preced- 
ing. 

Solutions  of  sodium  glycocholate  or  taurocholate,  in  any  grade  of 
concentration,  or  of  the  fresh  bile  itself,  as  shown  by  Kiihne,  have  also 
the  property  of  dissolving  completely  the  red  globules  of  the  blood. 

Composition  of  the  Red  Globules. — The  red  globules  are  composed  of 
an  albuminous  and  a coloring  matter,  together  with  mineral  salts  and  a 
certain  proportion  of  water.  According  to  Lehmann,  the  water  of  the 
red  globules  amounts  to  688  per  thousand  parts,  and  a little  over  8 
parts  per  thousand  consist  of  mineral  salts,  namely,  sodium  and  potas- 
sium chlorides,  phosphates,  and  sulphates,  together  with  lime  and  mag- 
nesium phosphates. 

By  far  the  most  important  ingredient  of  the  red  globules  is  undoubt- 
edly their  coloring  matter,  or  hemoglobine , the  main  characters  of  which 
have  been  described  in  Chapter  Y.  According  to  the  estimates  of 
Preyer,1  founded  upon  the  observed  quantity  of  iron  as  an  ingredient, 
the  average  proportion  of  hemoglobine  in  healthy  human  blood  is  12.34 
per  cent.  As  the  globules  themselves  constitute  45  per  cent  of  the 
whole  blood,  the  quantity  of  hemoglobine  in  each  blood  globule  is 
about  27  per  cent,  of  its  entire  mass,  or  86  per  cent,  of  its  solid  ingre- 
dients. It  is,  accordingly,  as  regards  its  quantity,  the  principal  substance 
bf  which  the  globules  are  composed. 

In  the  fresh  globule,  the  hemoglobine  is  united  with  another  substance 
which  is  colorless  and  undoubtedly  albuminous  in  its  nature,  and  which 
forms  a substratum  for  the  other  ingredients  of  the  globules.  This 
colorless  matter  is  less  soluble  in  water  than  the  hemoglobine,  and  it  is 


Fig.  81. 


Red  Globeti.es  op  the  Blood,  after  the 
imbibition  of  water. 


1 Die  Blutkrystalle,  Jena,  1871,  p.  117. 
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owing  to  this  fact,  already  mentioned,  that  when  water  is  added  to 
the  blood  in  sufficient  quantity,  the  hemoglobine  may  be  entirely  ex- 
tracted from  the  globules  in  a state  ot  solution,  leaving  behind  the 
colorless  substratum,  much  reduced  in  volume,  but  still  remaining 
undissolved  for  a considerable  time.  The  exact  physical  condition  of 
the  hemoglobine  in  the  blood-globule  and  its  mode  ot  union  with  the 
colorless  substratum  are  not  positively  known.  Preyer  calculates  that 
the  water  of  the  blood-globule  is  quite  insufficient  in  quantity  to  hold  in 
solution,  by  itself,  the  hemoglobine  which  is  present ; and,  according  to 
the  same  observer,  it  cannot  exist  in  the  blood-globules  in  a solid  foiro, 
since  the  crystals  of  hemoglobine  are  always  doubly  refracting,  while 
the  fresh  globules  themselves  are  never  so.  So  far  as  we  can  judge,  the 
two  substances  are  united  uniformly  throughout  the  mass,  in  a condition 
of  thick  or  tenacious  semi-fluidity ; but  the  hemoglobine  is  more  easil}' 
affected  by  various  artificial  dissolving  agents,  and  by  this  means  may  be 
extracted  from  the  mass  of  the  globule. 

Hemoglobine  is  remarkable  for  the  avidity  with  which  it  absorbs 
oxygen  whenever,  either  as  constituent  of  the  blood-globules  or  in  the 
form  of  solution,  it  is  brought  in  contact  with  this  gas  or  with  atmo- 
spheric air.  The  brilliant  red  color  presented  by  its  solutions  depends 
upon  the  quantity  of  oxygen  present ; for  if  this  substance  be  exhausted 
by  means  of  the  air-pump,  the  application  of  heat,  or  the  displacing 
action  of  an  indifferent  gas,  the  clear  scarlet  hue  of  the  solution  dis- 
appears and  is  replaced  by  a dull  red  or  purple  color. 

Solutions  of  pure  hemoglobine,  as  well  as  the  blood-globules  them- 
selves, or  diluted  mixtures  of  blood  and  water,  in  the  aerated  condition, 
exhibit  a well-marked  and  peculiar  spectrum.  This  spectrum  is  dis- 
tinguished by  the  existence  of  two  absorption  bands  between  the  lines 
I)  and*  E,  and  situated,  the  one  in  the  yellow,  the  other  at  the  commence- 
ment of  the  green.  The  first  of  these  absorption  bands  is  comparatively 


Fig.  82. 


Spectrum  op  Hemoglobine,  in  Aerated  Rlood. 


narrow  well  defined,  and  dark,  and  is  placed  at  about  one-fifth  the  dis- 
tance from  D to  E.  The  second  is  double  the  width  of  the  first  but  is 
less  dark,  and  not  so  well  defined;  it  occupies  nearly  the  las  hall  of 
the  space  between  D and  E.  Beyond  the  second  band  the  light  ot  the 


RED  GLOBULES  OF  THE  BLOOD. 


249 


spectrum  gradually  diminishes,  and  ceases  altogether  about  the  termina- 
tion of  the  blue,  midway  between  F and  G. 

If  the  solution  or  mixture  be  much  concentrated,  or  be  viewed  in  a 
very  deep  layer,  it  is  too  opaque  for  spectroscopic  examination,  and 
may  shut  off  all  the  light  of  the  spectrum  except  a little  of  the  red  and 
orange;  if  it  be  too  dilute,  it  will  fail  to  exhibit  the  distinguishing 
characters  of  hemoglobine.  A solution  of  a certain  grade  of  strength, 
which  allows  an  abundance  of  light  to  pass  through,  and  is  yet  sufficient 
to  cause  its  marked  absorption  at  particular  points  of  the  spectrum,  is 
to  be  used  for  examination.  With  pure  hemoglobine,  according  to 
Preyer,  a solution  of  about  1.5  parts  per  thousand  gives  the  most  marked 
results.  With  fresh  blood,  if  one  volume  of  the  defibrin ated  blood  be 
diluted  with  one  hundred  volumes  of  water,  and  the  mixture  viewed  in 
a layer  of  one  centimetre,  all  the  characteristic  traits  of  the  spectrum 
will  be  distinctly  shown. 

The  spectroscopic  characters  above  described  form  a very  delicate 
test  for  the  coloring  matter  of  blood.  According  to  Preyer,  with  a 
solution  of  pure  hemoglobine  in  water,  of  4 parts  per  ten  thousand,  the 
absorption  bands  may  still  be  seen,  though  the  second  one  is  very  faint. 
Fresh  dog’s  blood,  if  diluted  with  1000  parts  of  water  and  viewed  in  a 
layer  of  3 centimetres’  thickness,  will  show  a spectrum  in  which  both 
absorption  bands  are  distinctly  perceptible  though  not  very  strong.  If 
diluted  with  10,000  parts  of  water  and  viewed  in  a layer  of  4.5  centi- 
metres, the  first  band  is  still  visible,  though  very  faint ; the  second  is 
entirely  imperceptible. 

These  characters  are  also  of  value  in  showing  that  hemoglobine,  as 
extracted  in  the  crystalline  form,  is  identical  with  the  normal  coloring 
matter  of  the  fresh  globules.  A solution  of  crystallized  hemoglobine 
gives  the  same  spectrum  with  solutions  of  fresh  blood  or  with  the  dried 
globules.  Even  the  blood  while  still  circulating  in  the  vessels  may  be 
made  to  exhibit  the  same  appearances.  If  a spectroscope  eye-piece  with 
two  prisms  be  attached  to  the  body  of  a microscope  in  such  a way  that 
two  spectra  may  be  seen  in  the  field,  one  above  another,  one  of  them 
formed  by  the  light  coming  through  the  body  of  the  instrument,  the 
other  by  that  coming  through  a lateral  opening  in  the  eye-piece ; and  if 
the  mesentery  of  a living  frog  be  placed  before  the  objective  of  the  micro- 
scope, while  a solution  of  human  blood  is  placed  at  the  lateral  opening, 
it  will  be  seen  that  the  absorption  bands  in  the  two  spectra  are  the  same, 
and  exactly  correspond  with  each  other. 

In  all  the  above  cases  the  blood  which  yields  the  characteristic  spec- 
trum already  described  is  in  the  aerated  condition.  Even  if  venous  blood 
be  taken  for  examination,  the  process  of  extracting  it  and  placing  it  in 
a suitable  vessel  for  examination  brings  it  in  contact  with  the  atmosphere 
and  thus  restores  it  to  the  condition  of  arterial  blood.  In  the  mesentery 
of  the  living  frog,  when  extracted  from  the  abdomen  and  spread  out 
under  the  microscope,  the  free  access  of  air  to  the  peritoneal  surface 
constantly  supplies  the  circulating  blood  with  oxygen  ; and  accordingly 
17 
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no  marked  difference,  either  of  color  or  of  spectroscopic  characters,  is 
to  be  seen  between  the  blood  in  the  arteries  and  capillaries,  and  that  in 
the  veins.  But  if  by  any  means  the  blood  or  a solution  of  hemoglobine 
be  deprived  of  its  oxygen,  and  examined  in  that  condition,  it  at  once 
shows  a decided  change  both  in  color  and  spectroscopic  appearances. 

This  reduction  or  deoxidation  of  the  coloring  matter  of  the  blood  may 
be  effected  in  either  of  two  ways,  namely,  first,  by  the  addition  of  deoxi- 
dizing agents,  and  secondly  by  keeping  the  blood  for  a time  excluded 
from  the  access  of  air.  According  to  the  experiments  of  Stokes,  the 
addition  of  iron  protosulphate  to  fresh  blood  reduces  the  hemoglobine, 
and  changes  its  color  from  bright  red  to  dark  purple ; the  scarlet  color 
being  again  restored  by  agitating  the  blood  with  oxygen  or  atmospheric 
air.  Other  observers  have  accomplished  the  reduction  of  the  hemoglo- 
bine by  continued  treatment  of  the  blood  or  its  solutions  with  a stream 
of  carbonic  acid.  The  second  method,  however,  is  more  easily  applied. 
If  a solution  of  fresh  blood,  of  a bright  scarlet  color,  which  yields  a 
spectrum  with  the  absorption  bands  of  aerated  hemoglobine  fully  devel- 
oped, be  inclosed  in  a securely  stoppered  test-tube,  the  whole  of  which 
it  completely  fills,  and  be  kept  in  this  condition  secluded  from  the  ail 
for  twenty-four  or  forty-eight  hours,  the  hemoglobine  at  the  end  of  that 
time  will  have  lost  its  oxygen  which  has  entered  into  other  combinations. 
If  now  placed  before  the  spectroscope,  the  solution  will  show  a spectium 
in  which  the  two  absorption  bands  above  described  have  disappeared, 
and  which  shows  in  place  of  them  a single  wide  and  comparatively  ill- 
defined  band  covering  about  three-quarters  of  the  distance  from  D to  E, 
and  extending  usually  toward  the  red  a little  beyond  the  situation  of 
the  line  IX  The  darkest  part  of  this  absorption  band  occupies  exactly 
the  space  which  intervened  between  the  two  former  bands. 


Fig.  83. 


Spectrum  of  Kedttoed  Hemoglobine. 


If  the  solution  be  now  shaken  up  for  a few  instants  with  atmospheric 
air.  its  bright  color  is  at  once  restored,  and  at  the  same  time  the  single 
absorption  band  of  reduced  hemoglobine  disappears,  and  is  replaced  by 
the  two  normal  bands  of  oxidized  or  aerated  blood.  These  changes 
may  be  repeated  until  the  blood  begins  to  show  the  effect  of  putrefaction. 

Red  Globules  of  the  Blood  in  different  Classes  of  Animals.— In  all 
vertebrate  animals  the  blood  contains  red  globules,  of  which  the  color- 
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ing  matter  is  identical  with  that  in  the  human  species.  Even  in  Am- 
phioxus , a kind  of  fish  of  very  low  grade  of  organization,  which  was 
long  regarded  as  exceptional  in  this  respect,  the  existence  of  faintly 
colored  globules  has  been  demonstrated  of  late  years.  That  the  coloring 
matter  of  these  globules  consists  of  hemoglobine  has  been  demonstrated 
in  such  different  animals  as  the  dog,  fox,  cat,  horse,  sheep,  pig,  lion, 
cougar,  baboon,  bat,  hedge-hog,  rat,  guinea-pig,  squirrel,  mole,  goose, 
pigeon,  lark,  owl,  crow,  lizard,  python,  tortoise,  frog,  carp,  perch,  her- 
ring, and  pike.  It  has  been  discovered,  in  all,  in  22  species  of  mam- 
malians, 7 birds,  5 reptiles,  and  12  fish;  and  has  been  found  to  exist  in 
every  species  of  vertebrate  animal  which  has  been  examined  for  that 
purpose.  Even  in  several  invertebrate  species  where  the  blood  is  of  a 
red  color,  although  it  exhibits  no  distinct  globules,  it  has  been  found  to 
contain  hemoglobine  in  a state  of  solution.  Preyer  found  that  the  red 
circulating  fluid  of  the  earthworm,  when  examined  by  the  spectroscope, 
yielded  a spectrum  with  two  absorption  bands  identical  with  those  of 
human  hemoglobine.  It  has  also  been  discovered  in  the  blood  of  the 
pond-snail,  the  horse-leech,  and  the  fresh-water  shrimp. 

But  although  in  all  these  cases  the  red  globules  contain  the  same 
coloring  matter,  they  present,  in  different  animals,  variations  of  form, 
size,  and  structure,  which  are  more  or  less  characteristic  of  the  different 
classes,  families,  and  species,  to  which  they  belong. 

In  the  mammalians , or  warm-blooded  quadrupeds,  the  red  globules 
of  the  blood  have  without  exception  the  same  homogeneous  structure  as 
in  man.  They  have  also  invariably  the  same  disk-like  figure,  with  a 
circular  outline,  except  in  the  species  belonging  to  the  family  of  the 
camelidse  (camel,  dromedary,  lama),  where  the  disks  have  an  oval  form. 
The  size  of  the  red  globules  in  the  mammalians  varies  much  in  extreme 
cases;  the  smallest  known  being  those  of  the  Java  musk-deer,  an  animal 
not  larger  than  a rabbit,  which  have  a diameter  of  2.50  mmm.,  while  the 
largest  are  those  of  the  elephant,  which  measure  9.20  mmm.  The  rela- 
tive size  of  the  globules,  however,  in  different  species,  does  not  con- 
stantly correspond  with  that  of  the  animal  itself ; since  those  of  the  cat 
are  larger  than  those  of  the  sheep,  and  those  of  the  rabbit  larger  than 
either.  The  following  list  gives  the  size  of  the  red  globules  in  various 
species  of  mammalians,  according  to  the  measurements  of  Gulliver  and 
Welcker : 


Diameter  of  the  Circular  Red  Globules  of  Mammalians, 
in  micro-millimetres. 


Ape  . 

7.35 

Horse  . 

5.43 

Dog  . 

7.30 

Sheep  . 

5.00 

Wolf  . 

6.94 

Red  deer 

5.00 

Rabbit 

6.90 

Goat  . 

4.10 

Cat 

6.50 

Elephant 

9.20 

Fox 

6.10 

Two-toed  sloth  . 

8.93 

Ox  . 

5.95 

Java  musk  deer  . 

2.50 
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In  animals  where  the  red  globules  are  of  comparatively  smaller  size 
they  are  proportionally  more  numerous.  It  is  estimated  by  Kolliker  that 
the  entire  volume  or  mass  of  all  the  red  globules  together,  in  any  deter- 
minate quantity  of  blood,  does  not  vary  much  in  different  species ; and 
that  accordingly,  in  blood  containing  the  smaller  and  more  abundant 
globules,  the  extent  of  their  surface,  and  probably  their  functional 
activity,  is  greater  than  where  they  are  larger  and  less  numerous.  This 
will  apply  also  to  the  inferior  groups  of  vertebrate  animals,  in  which  the 
globules  are  often  very  much  larger  and  at  the  same  time  less  abundant 
than  in  man. 

In  the  birds , reptiles , and  fish , comprising  all  the  oviparous  verte- 
brata,  as  well  as  some  which  are  viviparous,  the  red  globules  are  distin- 
guished by  two  very  marked  characters  of  shape  and  structure  : namely, 
an  oval  form  and  the  presence  of  a granular,  colorless  nucleus.  The 
only  known  exception  is  in  two  species  of  fish  belonging  to  the  family 
of  the  Lampreys,  in  which  the  globules  have  a circular  outline;  but  here 
also  they  are  provided  with  a nucleus,  and  accordingly  readily  distin- 
guishable from  the  circular  globules  of  mammalia. 

* It  is  among  the  Batrachians,  or  naked  reptiles,  that  the  red  globules 
present  the  largest  size  and  exhibit  most  distinctly  their  structural 
character.  They  are  of  a regularly  oval  form,  their  short  diameter 

being  between  one-half  and 
three-quarters  the  long  one,  a 
little  thicker  toward  the  edges 
and  thinner  in  the  middle  ; the 
round  or  oval  nucleus  project- 
ing slightly  from  the  lateral 
surface  at  its  central  portion 
In  their  reactions  toward  dif- 
ferent physical  and  chemical 
agents,  they  resemble  the  red 
blood-globules  of  mammalians. 

In  the  frog,  the  red  globules 
have  a long  diameter  ot  22 
mmm.,  or  nearly  three  times 
that  of  the  human  globules  ; in 
Proteus  anguinus,  the  blind 
water-lizard  of  the  Carniola 
grottoes,  58  mmm.;  in  Meno- 
branchus,  an  allied  species  inhabiting  the  northern  lakes  of  the  United 
States,  62.5  mmm.  ; and  in  Amphiuma  tridactylum,  the  great  water- 
lizard  of  Louisiana,  according  to  Dr.  Riddell,  the  red  globules  are  one- 
third  larger  than  in  Proteus,  or  about  77  mmm.  The  following  list 
gives  the  size  of  different  globules  ot  the  oval  toim. 


Fig.  84. 


bule  seen  edgewise,  b.  White  globule. 
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Long  Diameter  of  the  Oval  Red  Globules  of  Birds,  Reptiles,  and  Fish, 


Pigeon 

in  micro- 
. 14.7 

millimetres. 

Frog 

. 22.0 

Fowl  . 

. 12.1 

Triton  . 

. 29.3 

Duck  . 

. 12.9 

Menobranchus 

. 62.5 

Tortoise 

. 20.0 

Carp 

. 13.1 

Lizard 

. 16.4 

Sturgeon 

. 13.4 

Alligator  . 

. 19.2 

Perch 

. 12.0 

Diagnosis  of  Blood , and  the  distinction  between  Human  Blood  and  that 

of  Animals. It  is  often  of  consequence  to  recognize  the  existence  of 

blood  in  various  animal  fluids  in  physiological  experiments,  and  it  some- 
times becomes  important  in  medico-legal  investigations.  For  this 
purpose,  in  the  fresh  fluids,  nothing  can  be  more  satisfactory  than 
spectroscopic  examination ; a very  small  quantity  of  hemoglobine,  as 
already  shown,  being  sufficient  to  yield  a spectrum  with  the  character- 
istic absorption  bands.  There  is  a further  advantage  in  this  method, 
namely,  that  it  will  enable  us  to  detect  the  presence  of  blood  in  fluids 
where  the  red  globules  have  been  dissolved  and  the  coloring  matter 
reduced  to  a fluid  condition.  The  washings  of  a blood  spot  or  stain 
may  therefore  show  the  spectrum  of  hemoglobine,  although  they  may 
not  contain  any  red  globules  perceptible  by  the  microscope.  This,  how- 
ever, only  shows  the  presence  of  the  coloring  matter  of  blood,  and  thus 
allows  us  to  distinguish  blood  from  other  colored  fluids ; it  does  not 
enable  us  to  make  a distinction  between  the  blood  of  man  and  that  of 
animals,  since  the  hemoglobine  is  the  same  in  all. 

But  by  microscopic  examination  of  the  red  globules,  either  when 
fresh  or  after  having  been  dried  and  again  moistened,  we  can  often  dis- 
tinguish the  blood  of  an  inferior  animal  from  that  of  the  human  subject. 
According  to  the  observations  of  Prof.  J.  Gr.  Richardson,1  a fragment  of 
a blood  spot,  weighing  less  than  T ^ of  a milligramme,  which  had  been 
kept  in  the  dried  condition  for  five  years,  when  decolorized  with  a weak 
watery  solution  (0.15  per  cent.)  of  sodium  chloride,  and  afterward  tinted 
with  a solution  of  aniline,  exhibited  the  blood-globules  in  such  a condi- 
tion that  their  size  could  be  accurately  measured. 

If  a blood  stain,  accordingly,  which  in  a watery  solution  gives  the 
common  spectrum  of  hemoglobine,  be  found  to  contain  oval  nucleated 
globules,  this  would  show  it  to  be  the  blood  of  a bird,  reptile,  or  fish ; 
and  the  oval  form  alone  would  show  that  it  is  not  human  blood.  The 
question,  therefore,  whether  a particular  specimen  be  composed  of  human 
blood  may  often  be  decided  witli  certainty  in  the  negative,  by  microscopic 
examination.  But  if  the  specimen  contain  circular  globules,  without 
nuclei,  it  will  be  impossible  to  say  positively,  in  any  instance,  that  they 
belong  to  human  blood,  and  not  to  that  of  some  animal,  such  as  the  ape 
or  the  dog,  whose  red  globules  nearly  approach  the  human  in  size.  In 
most  of  the  domesticated  quadrupeds,  the  globules  are  smaller  than  in 

1 Monthly  Microscopical  Journal.  London,  September  1,  1874,  p.  140. 
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human  blood;  but  in  both  the  sloth  and  the  elephant,  they  are  larger. 
If  it  were  only  required  to  decide  whether  a given  specimen  of  fresh 
blood  belonged  to  man  or  to  the  musk  deer,  for  example,  or  even  to  the 
goat,  no  doubt  the  difference  in  size  of  the  globules  would  be  sufficient 
to  determine  the  question. 

But  within  nearer  limits  of  resemblance  it  would  be  doubtful,  because 
the  size  of  the  red  globules  varies  to  some  extent  in  each  kind  of  blood ; 
and  in  order  to  be  certain  that  a particular  specimen  were  human  blood, 
it  would  be  necessary  to  show  that  the  smallest  of  its  globules  were 
larger  than  the  largest  of  those  belonging  to  the  animal  in  question,  or 
vice  versa.  The  limits  of  this  variation  have  been  tolerably  well  defined 
for  human  blood,  but  not  sufficiently  so  for  many  of  the  lower  animals 
to  make  an  absolute  distinction  possible. 

In  the  examination  of  stains  or  blood  spots,  the  difficulty  is  increased 
by  the  fact  that  the  drying  and  subsequent  moistening  of  the  globules 
introduces  another  element  of  uncertainty  as  to  their  exact  original  size. 

Physiological  Function  of  the  Red  Globules. — There  is  no  doubt  that 
the  red  globules  of  blood  serve  mainly  as  the  carriers  of  oxygen.  The 
extreme  readiness  with  which  they  absorb  this  substance  from  the 
atmosphere  or  from  any  other  gaseous  mixture  containing  it,  their  im- 
mediate change  of  color  depending  upon  the  supply  or  withdrawal  of 
oxygen,  corresponding  with  the  change  of  color  in  the  blood  as  it  tra- 
verses the  lungs  or  the  capillaries  of  the  general  circulation,  all  indicate 
that  they  have  a special  relation  to  the  introduction  and  distribution  of 
oxygen  in  the  living  body.  As  a general  rule,  in  those  animals  where 
the  red  globules  are  of  large  size  and  few  in  number,  the  activity  of  the 
vital  functions  is  below  the  average  ; while  in  the  species  where  they  are 
smaller  and  more  numerous,  the  processes  of  respiration,  circulation, 
nutrition,  and  movement  are  increased  in  rapidity  to  a similar  degree. 
The  strongly  marked  physical  and  chemical  characters  of  the  red  glo- 
bules correspond  with  their  importance  in  the  functions  of  vitality. 

White  Globules  of  the  Blood. 

Beside  the  red  globules  above  described,  the  blood  contains  a certain 
number  of  other  cellular  bodies,  which  differ  from  the  formei  in  several 
important  particulars.  These  are  the  white  or  colorless  corpuscles.  As 
their  name  implies,  they  are  destitute  of  red  or  other  coloring  matter, 
but  under  many  circumstances  present  under  the  microscope  a glistening 
appearance,  and  when  collected  in  large  quantity  may  give  to  the  fluid 
or  clot  which  contains  them  a whitish  hue.  They  are  much  less  abun- 
dant than  the  red  globules,  the  average  proportion  in  healthy  human 
blood  being  one  white  globule  to  300  red.  The3r  are  nearly  spherical 
in  form,  and  measure,  on  the  average,  11  mmm.  in  diameter.  Ihej  aie 
accordingly,  in  human  blood,  distinctly  larger  than  the  red  globules. 
(Fio-.  *16,  c.)  As  regards  their  structure,  they  consist  ot  a solt,  some- 
what viscid,  colorless,  finely  granular  substance,  containing  in  its 
interior  one,  two,  or  three  ovoid  nuclei.  They  are  less  yielding  and 
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slippery  than  the  red  globules,  and  have  a tendency  to  adhere  more 
readily  to  the  surfaces  with  which  they  are  in  contact ; so  that  if  a 
small  quantity  of  a watery  fluid  be  added  to  the  drop  of  blood  under 
examination,  the  red  globules  will  be  hurried  away  by  the  cunents  pio- 
duced,  while  the  white  globules  lag  behind,  and,  if  the  irrigation  be  con- 
tinued, may  finally  be  left  alone  in  the  field  of  the  microscope.  Their 
transparency  is  such  that,  when  slowly  rolling  over  with  the  current, 
the  granules  in  their  interior  may  often  be  perceived  to  rotate  past 
each  other,  above  and  below,  with  the  motion  ot  the  globule.  The 
nuclei  are  sometimes  visible  in  the  perfectly  fresh  globule,  but  may 
always  be  brought  into  view  by  the  addition  of  pure  water  or  of  dilute 
acetic  acid.  The  action  of  these  fluids  is  to  cause  a slight  swelling  of 
the  globule  and  to  increase  the  Fjo.  g- 

transparency  of  its  substance, 
by  which  the  nuclei  become 
perceptible  as  sharply  defined 
ovoid  or  vesicular  bodies  in  or 
near  the  central  part  of  the 
mass.  By  the  prolonged  ac- 
tion of  acetic  acid,  a portion 
of  the  cell  substance  becomes 
condensed  about  the  nuclei  in 
various  irregular  forms,  while 
the  remainder  appears  as  a per- 
fectly transparent  and  homo- 
geneous material,  surrounded 
by  a very  delicate  circular  out- 
line. The  final  effect  of  both 
water  and  acetic  acid  is  to  dis- 
integrate the  white  globules 
and  cause  their  disappearance, 
readiness. 

Amoeboid  Movements  of  the  White  Globules. — These  movements  are 
so  called  from  their  resemblance  to  the  motions  of  Amoeba , a minute 
gelatinous  creature,  of  very  simple  organization,  living  in  fresh-water 
pools  and  ditches.  They  are  never  to  be  seen  while  the  blood  is  circu- 
lating in  a normal  manner  within  the  bloodvessels,  where  the  white 
globules  always  present  their  natural  rounded  form  and  uniformly 
granular  appearance.  But  within  a short  time  after  the  blood  has  been 
withdrawn  from  the  vessels,  provided  it  be  maintained  at  or  near  the 
normal  temperature  of  the  animal,  the  white  globules  may  be  seen  to 
alter  their  shape  in  a very  remarkable  way.  The  first  indication  of  the 
change  is  that  a certain  portion  of  the  rounded  outline  of  the  globule 
becomes  faint  and  irregular,  its  substance  at  this  point  flattening  out 
and  extending  itself  into  one  or  more  transparent  and  homogeneous 
looking  prolongations.  These  prolongations  are  alternately  protruded 
and  retracted,  sometimes  extending  into  long  filamentous  processes, 


White  Globules  of  the  Blood;  altered 
by  dilute  acetic  acid. 

Dilute  alkalies  dissolve  them  with  great 
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sometimes  into  shorter  expansions  with  rounded  ends.  Variations  in 
the  form  of  the  globule  are  thus  produced  which  succeed  each  other  with 
different  degrees  of  rapidity  according  to  circumstances.  In  man  and 
the  warm-blooded,  animals,  the  blood  under  examination  requires  to  be 
kept  at  about  the  normal  temperature  of  the  body,  in  order  that  these 
appearances  may  be  exhibited;  but  in  the  cold-blooded  animals  they 
may  be  shown  at  the  ordinary  temperature  of  the  air. 


Fig.  86. 


Changes  in  form  of  a stngleWhite  Globule  of  the  blood  of  the  Newt  ( Triton 
millcpunctatus)  occurring  in  an  interval  of  seven  minutes,  and  within  half  an  hour  after  its 
extraction  from  the  living  body. 

Besides  showing  these  changes  of  form,  the  white  globules  of  the 
blood  may  sometimes  be  seen,  by  a similar  mechanism,  to  move  from 
place  to  place.  In  these  cases,  the  globule  first  sends  out  the  pale  pro- 
longations of  its  substance  as  above  described.  The  granulations  of  the 
remaining  portion  are  then  propelled,  by  a kind  of  flowing  movement, 
into  the  prolongations,  which  thus  become  granular,  and  at  the  same 
time  assume  a more  rounded  form.  The  remaining  portion  is  subse- 
quently drawn  after  and  into  the  part  previously  expanded ; and  by  a 
continuance  of  this  process  the  whole  mass  makes  a slow  progression 
from  one  point  to  another  in  the  field  of  the  microscope. 

These  movements  are  accomplished,  like  those  of  the  amoeba,  by  alter- 
nate local  contractions  and  relaxations  of  the  substance  of  the  globule. 
In  Amoeba  princeps  the  movement  of  progression  may  take  place  at  the 
rate  of  13  micro-millimetres  per  minute,  and  in  some  forms  of  gelatinous 
animalcules  is  occasionally  so  active  that  it  may  be  followed  continuously 
by  the  eye.  But  in  the  white  globules  of  the  blood  it  is  much  more 
slowly  performed,  and,  like  that  of  the  hour  hand  of  a clock,  is  to  be 
distinguished  only  by  noting  their  change  of  position  vnfter  a certain 
interval  of  time.  The  white  globules  of  the  frog,  when  upon  the  free 
surface  of  the  mesentery,  may  be  seen  to  move  at  a rate,  as  measured 
by  the  micrometer,  of  13  micro-millimetres  per  minute;  and  similar 
granular  corpuscles,  in  the  meshes  of  the  connective  tissue  of  the  mesen- 
tery itself,  may  progress  at  the  rate  of  3.5  micro-millimetres  in  the  same 
time.  Certain  changeable  cells  in  the  tissue  of  the  frog’s  cornea,  which 
are  regarded  by  some  observers  as  identical  in  character  with  the  white 
o-lobules  of  the  blood,  may  change  their  position  in  the  substance  of  the 
cornea  at  the  rate  of  2.5  micro-millimetres  per  minute. 

The  amoeboid  movements  of  the  white  globules  of  the  blood  are  a so 
sometimes  to  be  seen  in  the  interior  of  the  capillary  bloodvessels  or 
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small  veins,  when  imprisoned  in  a stagnant  portion  of  the  blood-plasma. 
But  if  the  circulation  be  re-established,  and  the  globules  again  move 
with  the  blood  current,  they  cease  to  be  distorted,  and  resume  their 
original  rounded  form. 

The  precise  physiological  properties  and  functions  of  the  white  cor- 
puscles cannot  be  determined  so  distinctly  as  in  the  case  of  the  red 
globules.  Their  great  inferiority  in  number  shows  that  they  are  less 
important  for  the  immediate  continuance  of  the  vital  operations  ; and 
the  same  thing  may  be  inferred  from  their  want  of  strongly  marked  spe- 
cific characters.  For  while  the  red  globules  of  the  blood  vary  in  ap- 
pearance to  a marked  degree  in  different  classes  and  orders  of  animals, 
the  white  globules  present  nearly  the  same  general  features  of  size,  form, 
and  structure  throughout  the  series  of  vertebrate  animals. 


Plasma  of  the  Blood. 

The  plasma  of  the  blood  is  the  transparent,  colorless,  homogeneous 
liquid,  in  which  the  blood-globules  are  held  in  suspension.  It  consists 
of  water,  holding  in  solution  various  mineral  salts,  and  of  certain  albu- 
minous matters,  which  are  distinguished  by  their  modes  of  coagulation, 
the  principal  of  which  are  known  as  fibrine  and  albumen. 

Ths  plasma  of  the  blood,  according  to  the  estimates  of  Lehmann  and 
Robin,  has,  on  the  average,  the  following  constitution : 


Composition  of  the  Blood-plasma. 


Water 

Albumen 

Fibrine 

Fatty  matters  . . . . 

Crystallizable  nitrogenous  matters 
Other  organic  ingredients 
Sodium  chloride 
Potassium  chloride 
Sodium  carbonate 
Sodium  and  potassium  sulphates 
Sodium  and  potassium  phosphates 
Lime  and  magnesium  phosphates 


• Mineral  salts 


902.00 

75.00 

3.00 
2.50 

4.00 

5.00 


8.50 


1000.00 

The  above  ingredients  are  all  intimately  mingled  in  the  blood-plasma, 
in  a fluid  form,  by  mutual  solution ; but  they  may  be  separated  from 
each  other  for  examination  by  appropriate  means.  The  two  ingredients 
which  on  account  of  their  nature  and  properties  have  received  the 
greatest  attention,  are  the  fibrine  and  the  albumen. 

The  fibrine  cannot  be  obtained  for  examination  under  the  form  in 
which  it  naturally  exists  in  the  blood,  since  it  is  only  to  be  separated 
from  the  other  albuminous  ingredients  by  undergoing  the  process  of 
coagulation.  Notwithstanding  that  this  substance,  or  the  material  from 
which  it  is  derived,  is  present  in  the  blood  in  so  small  a quantity  as 
three  parts  per  thousand,  it  is  evidently  an  important  element  in  the 
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constitution  of  the  circulating  fluid,  since  it  is  upon  its  power  of  spon- 
taneous solidification  that  the  coagulability  of  the  entire  blood  depends. 
This  process  takes  place,  under  all  ordinary  conditions,  soon  after  the 
blood  has  been  withdrawn  from  the  circulation ; and  the  fibrine  may  be 
obtained  in  a state  of  tolerable  purity  by  continuously  stirring  freshly- 
drawn  blood  with  glass  rods  or  a bundle  of  twigs.  When  coagulation 
occurs,  the  fibrine  solidifies  in  the  form  of  thin  layers  adherent  to  the 
surface  of  the  rods  or  twigs.  It  at  first  contains,  entangled  with  it, 
some  of  the  red  globules  of  the  blood  with  their  coloring  matter ; but 
these,  as  well  as  other  foreign  substances,  may  be  removed  by  subjecting 
the  mass  for  a few  hours  to  the  action  of  running  water.  The  fibrine 
then  presents  itself  under  the  form  of  nearly  white  threads  and  flakes, 
having  a semi-solid  consistency  and  a considerable  degree  of  elasticity. 

Coagulated  fibrine,  if  examined  in  thin  layers,  is  seen  to  have  a fibroid 
or  filamentous  texture.  The  filaments  of  which  it  is  composed  are 

colorless  and  elastic,  and  when 
isolated  are  seen  to  be  exceed- 
ingly minute,  being  not  more 
than  0.5  mmm.  in  diameter. 
They  are  partly  so  placed  as  to 
lie  parallel  with  each  other,  and 
this  is  probably  their  arrange- 
ment throughout  the  undis- 
turbed fibrinous  layer ; but 
when  torn  up  for  microscopic 
examination,  its  filaments  are 
seen  to  be  in  many  spots  inter- 
laced with  each  other  in  a kind 
of  irregular  network.  On  the 
addition  of  dilute  acetic  acid 
the  filaments  become  swollen, 

transparent,  and  fused  into  a 
Coagulated  Fi  br^ne,  showing  its  flbrillateil  homogeneous  maSS,  but  do  not 

dissolve.  They  are  often  in- 
terspersed with  minute  granules,  which  render  their  outlines  more  or  less 
obscure. 

Once  coagulated,  fibrine  is  insoluble  in  water  and  can  only7  be  again 
liquefied  by  the  action  of  an  alkaline  or  strongly  saline  solution,  by  pro- 
longed boiling  at  a very  high  temperature,  or  by  digesting  with  gastric 
juice  or  an  acidulated  solution  of  pepsine.  These  agents,  however,  pro- 
duce a permanent  alteration  in  the  properties  of  the  fibrine,  and  niter 
being  subjected  to  their  influence  it  is  no  longer  the  same  substance  as 

before.  . 

The  quantity  of  fibrine  which  may  be  extracted  from  the  blood  varies 

in  different  parts  of  the  body.  According  to  most  observers,  venous 
blood  in  general  yields  less  fibrine  than  arterial  blood.  A portion  ot  it 
therefore  disappears  in  passing  through  the  capillary  circulation.  n 


Fig.  87. 
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the  liver  and  the  kidneys  this  disappearance  is  so  complete  that  no 
fibrine  is  to  be  obtained,  as  a general  rule,  from  the  blood  of  the  renal 
or  the  hepatic  veins.  On  this  account,  also,  the  blood  in  the  large  veins 
near  the  heart  is  more  deficient  in  fibrine  than  in  those  at  a distance ; 
since  the  venous  blood  coming  from  the  general  circulation,  and  con- 
taining a moderate  quantity  of  fibrine,  is  mingled,  on  approaching  the 
heart,  with  that  of  the  renal  and  hepatic  veins,  in  which  the  coagulating 
material  is  entirely  absent. 

The  albumen  of  the  plasma  is  undoubtedly  the  most  important  of  its 
ingredients  in  regard  to  the  process  of  nutrition,  since  it  is  by  far  the 
most  abundant  of  the  albuminous  matters  present.  It  coagulates  at 
once  on  being  heated  to  72°  (l^QF.),  or  by  contact  with  alcohol,  the 
mineral  acids,  or  their  metallic  salts,  or  with  potassium  ferrocyanide  in 
an  acidulated  solution.  It  exists  naturally  in  the  plasma  in  a fluid  form 
by  reason  of  its  union  with  the  water.  The  greater  part  of  the  water 
of  the  plasma  being  united  with  the  albumen,  when  this  latter  substance 
coagulates,  the  water  remains  in  combination  with  it,  and  assumes  at 
the  same  time  the  solid  form.  If  the  plasma  of  the  blood,  accordingly, 
after  removal  of  the  fibrine,  be  exposed  to  a boiling  temperature,  it 
solidifies  almost  completely,  so  that  only  a few  drops  of  water  can  be 
drained  away  from  the  coagulated  mass.  The  earthy  phosphates  are 
also  retained  by  the  solidified  albuminous  mass. 

The  substance  existing  in  the  blood  plasma,  however,  and  designated 
as  albumen,  appears  to  consist  really  of  two  different  ingredients,  of 
which  one  is  about  double  the  quantity  of  the  other.  Both  of  them  are 
coagulable  by  heat ; and  on  this  account  the  whole  albuminous  ingredient 
of  the  plasma  solidifies  when  exposed  to  a boiling  temperature.  But  one 
of  them  is  coagulable  also  by  magnesium  sulphate  added  in  excess. 
This  substance  is  termed  metalbumen , and  is  present  in  the  plasma  in 
the  proportion  of  about  22  parts  per  thousand.  It  may  be  separated 
from  the  remainder  by  filtering  the  plasma  through  magnesium  sulphate, 
which  retains  the  metalbumen  in  a coagulated  form  and  allows  the 
remaining  liquid  to  pass  through.  The  second  substance,  which  has 
passed  through  the  filter,  and  which  is  coagulable  by  heat  but  not  by 
magnesium  sulphate,  is  albumen  proper.  It  has  been  called  “ serine” 
by  Denis  and  Robin,  to  indicate  that  it  is  the  kind  of  albumen  present 
in  blood-serum.  It  exists  in  the  plasma  in  the  proportion  of  about  53 
parts  per  thousand,  being  accordingly  rather  more  than  twice  as  abun- 
dant as  the  metalbumen.  It  is  not  known  whether  these  two  substances 
are  mutually  convertible,  or  if  so,  which  of  them  is  produced  by  trans- 
formation of  the  other. 

A certain  quantity  of  albuminose  is  also  to  be  found  in  the  blood, 
probably  derived  from  the  products  of  digestion.  Its  quantity,  accord- 
ing to  Robin,  varies  from  1 to  4 parts  per  thousand.  As  it  is  absorbed 
fi'om  the  intestine  during  digestion,  and  neither  accumulates  in  the 
blood  nor  appears  in  any  of  the  excretions,  it  is  no  doubt  transformed 
into  some  other  substance  after  being  taken  into  the  blood. 
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The  fatty  matters  exist  in  the  blood  mostly  in  a saponified  form,  ex- 
cepting soon  after  the  digestion  of  food  rich  in  fat.  At  that  period,  the 
emulsioned  fat  finds  its  way  into  the  blood,  and  circulates  for  a time 
unchanged.  Afterward  it  disappears  as  free  fat,  but  remains  partly  in 
the  saponified  condition. 

The  saline  substances  of  the  plasma  are  principally  sodium  and  potas- 
sium chlorides,  phosphates,  and  sulphates,  together  with  lime  and  mag- 
nesium phosphates.  Of  these  the  sodium  chloride  is  the  most  abundant, 
constituting  nearly  40  per  cent,  of  all  the  mineral  ingredients.  The 
sodium  and  potassium  phosphates  are  of  great  importance  in  providing 
for  the  alkalescence  of  the  blood  plasma,  a property  which  is  essential 
to  the  performance  of  the  functions  of  nutrition  and  even  to  the  im- 
mediate continuance  of  life ; since  it  is  the  alkaline  condition  of  the 
plasma  which  enables  it  to  absorb  from  the  various  tissues  the  car- 
bonic acid  produced  in  their  substance  and  return  it  to  the  centre  of  the 
circulation,  for  elimination  by  the  lungs.  The  sodium  and  potassium 
carbonates  also  take  part  in  the  production  of  this  alkalescence,  and  in 
the  herbivorous  animals  are  its  principal  cause;  while  in  the  carnivora 
the  alkaline  phosphates  alone  are  to  be  found  in  the  plasma  in  appre- 
ciable quantity.  In  the  human  subject,  under  the  use  of  an  ordinary 
mixed  animal  and  vegetable  diet,  both  the  alkaline  phosphates  and  car- 
bonates are  present  in  varying  proportions. 

The  earthy  phosphates  of  the  plasma,  which  are  by  themselves  in- 
soluble in  alkaline  or  neutral  fluids,  are  held  in  solution  in  the  blood  by 
union  with  its  albuminous  ingredients. 

Coagulation  of  the  Blood. 

A few  moments  after  the  blood  has  been  withdrawn  from  the  vessels, 
a remarkable  phenomenon  presents  itself,  namely,  its  coagulation  or 
clotting.  This  process  commences  at  nearly  the  same  time.  throughout 
the  whole  mass  of  the  blood,  which  becomes  first  somewhat  diminished 
in  fluidity,  so  that  it  will  not  run  over  the  edge  of  the  vessel,  when 
slightly  inclined ; while  its  surface  may  be  gently  depressed  with  the 
end  of  the  finger  or  a glass  rod.  It  then  becomes  rapidly  thicker,  and 
at  last  solidifies  into  a uniformly  red,  opaque,  consistent,  gelatinous 
mass,  which  takes  the  form  of  the  vessel  in  which  the  blood  was  received. 
The  process  usually  commences,  in  man,  in  about  fifteen  minutes  after 
the  blood  has  been  drawn,  and  is  completed  in  about  twenty  minutes. 


The  coagulation  of  the  blood  is  dependent  upon  the  presence  of  its 
fibrine.  This  fact  may  be  demonstrated  in  various  ways.  In  the  first 
place,  if  freshly  drawn  frog’s  blood  be  mixed  with  a solution  of  sugar, 
of  the  strength  of  one-half  per  cent.,  and  placed  upon  a filter,  the  blood- 
globules  will  be  retained  upon  the  filter,  while  a transparent  colorless 
liquid  passes  through,  which  after  a time  coagulates  like  fresh  blood. 
Secondly,  if  horse’s  blood,  which  coagulates  more  slowly  than  that  of 
most  other  warm-blooded  animals,  be  drawn  from  the  veins  into  a cylin- 
drical glass  vessel  and  allowed  to  remain  at  rest,  b}r  the  time  coagulation 
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takes  place  the  blood-globules  have  subsided  from  the  upper  part  of  the 
fluid,  leaving  a layer  at  the  surface  -which  is  colorless  and  partly  trans- 
parent, but  which  is  as  firmly  coagulated  as  the  rest.  Thirdly,  if  horse’s 
blood  be  freshly  drawn  into  such  a vessel,  surrounded  by  a freezing 
mixture  and  kept  at  the  temperature  of  0°  (32°  F.),  coagulation  is  for 
the  time  altogether  suspended,  and  the  globules  sink  toward  the  bottom, 
leaving  a transparent  colorless  fluid  above.  If  this  colorless  fluid  be 
removed  by  decantation,  and  allowed  to  rise  in  temperature  a few  de- 
grees, it  coagulates  firmly  like  fresh  blood. 

These  facts  show  that  the  blood-globules  take  no  direct  part  in  the 
process  of  coagulation ; and  that,  when  present,  they  are  simply  en- 
tangled mechanically  in  the  solidifying  clot. 


Fig.  88. 


Finally,  if  the  freshly  drawn  blood  of  man,  or  of  any  of  the  warm- 
blooded animals,  be  briskly  stirred  with  a bundle  of  twigs  or  glass  rods, 
the  fibrine  coagulates  in  comparatively  small  mass  upon  the  surface  of  the 
foreign  bodies  ; and  the  red  globules  which  it  entangles  may  be  removed 
by  washing,  without  changing  in  any  way  its  essential  characters. 

It  is  the  fibrine,  therefore,  which,  by  its  own  coagulation,  induces  the 
solidification  of  the  entire  blood.  As  it  is  uniformly  distributed  before- 
hand throughout  the  blood,  when  coagulation 
takes  place  the  minute  filaments  which  make 
their  appearance  in  it  entangle  in  their  meshes 
the  globules  and  the  albuminous  fluids  of  the 
plasma.  A very  small  quantity  of  fibrine, 
therefore,  is  sufficient  to  include  in  its  solidifi- 
cation all  the  fluid  and  semi-fluid  ingredients 
which  were  before  mingled  with  it,  and  to 
convert  the  whole  into  a voluminous,  trem- 
bling, jelly-like  mass  of  coagulated  blood. 

As  soon  as  the  coagulum  has  fairly  formed, 
it  begins  to  contract,  increasing  somewhat  in 
consistency  as  it  diminishes  in  size.  By 
means  of  this  contraction  the  albuminous  liquids  begin  to  be  pressed 
out  from  the  meshes  in  which  they  were  entangled.  A few  isolated 
drops  first  appear  on  the  surface  of  the  clot, 
which  soon  increase  in  size  and  also  become 
more  numerous.  After  a time  they  enlarge  so 
much  as  to  come  in  contact  with  each  other 
at  various  points,  when  they  coalesce,  extend- 
ing in  all  directions  as  the  exudation  increases, 
until  the  whole  surface  of  the  clot  is  covered 
with  a thin  layer  of  fluid.  The  clot  at  first  ad- 
heres pretty  strongly  to  the  sides  of  the  vessel 

into  which  the  blood  was  drawn:  but  as  its  ‘ 1 

. , 7 Bowl  of  Coagulated 

contraction  goes  on,  its  edges  are  separated,  blood  after  twelve  hours, 

and  the  fluid  continues  to  exude  between  it  and  showing  the  clot  contracted 
i mi  • , . and  floating  In  the  fluid 

the  sides  of  the  vessel.  This  process  continues  serUm. 


Bowl  of  recently  Ooagtt- 
latjsd  Blood,  showing  the 
whole  mass  uniformly  solidi- 
fied. 


Fig.  89. 
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for  ten  or  twelve  hours  ; the  clot  growing  constantly  smaller  and  firmer, 
and  the  expressed  fluid  more  abundant 

The  globules,  owing  to  their  greater  consistency,  do  not  escape  with 
the  albuminous  fluids,  but  remain  entangled  in  the  fibrinous  coagulum. 
At  the  end  of  ten  or  twelve  hours  the  whole  of  the  blood  has  usually 
separated  into  two  parts,  namely,  the  clot , which  is  a red,  opaque,  semi- 
solid mass,  consisting  of  the  fibrine  and  the  blood-globules  ; and  the 
serum , which  is  a transparent,  nearly  colorless  fluid,  containing  the 
water,  albumen,  and  saline  matters  of  the  plasma. 

The  change  of  the  blood  in  coagulation  may  be  expressed  as  follows : 


Before  coagulation  the  blood  consists  of 


1st.  Globules  ; and  2d.  Plasma — containing 


Fibrine, 
Albumen, 
W ater, 
Salts. 


After  coagulation  it  is  separated  into 

1st.  Clot,  containing  1 and  and  2d.  Serum,  containing 

° l Globules ; 


( Albumen, 
< Water, 

1 Salts. 


Conditions  favoring  or  retarding  Coagulation. — The  coagulation  of 
the  blood  is  influenced  by  various  physical  conditions.  In  the  first 
place  it  is  suspended  by  a freezing  temperature.  If  the  blood  be  drawn 
into  a narrow  vessel  surrounded  by  a ireezing  mixture,  so  that  the  whole 
of  it  is  rapidly  cooled  down  to  0°  (32°F.)5  coagulation  does  not  occur, 
and  the  blood  remains  fluid  indefinitely,  so  long  as  the  temperature  is 
not  allowed  to  rise  above  this  point.  A variety  of  other  changes,  such 
as  fermentation,  putrefaction,  and  many  chemical  combinations  or  de- 
compositions, are  also  prevented,  as  it  is  well  known,  by  special  condi- 
tions of  temperature. 

Secondly,  the  coagulation  of  the  blood  is  prevented  by  certain  of  the 
neutral  salts.  If  fresh  blood  be  allowed  to  mingle  with  a concentrated 
watery  solution  of  sodium  sulphate,  no  coagulation  takes  place.  This 
is  not  because  the  coagulable  material  has  been  decomposed  or  chemi- 
cally altered ; because  if  the  mixture  be  diluted  with  six  or  seven  times 
its  volume  of  water,  so  as  to  reduce  the  concentration  of  the  saline  solu- 
tion, the  fibrine  solidifies  in  a few  moments  in  the  usual  manner. 

Coagulation  of  the  blood  may  also  be  hastened  or  retarded  by  varia- 
tions in  the  manner  of  its  withdrawal  from  the  veins,  or  in  the  surfaces 
with  which  it  afterward  comes  in  contact.  If  drawn  rapidly  from  a 
large  orifice,  it  remains  fluid  for  a comparatively  long  time ; if  slowly, 
from  a narrow  orifice,  it  coagulates  quickly.  The  shape  of  the  vessel 
into  which  the  blood  is  received,  and  the  condition  of  its  internal  sur- 
face, also  exert  an  influence.  The  greater  the  extent  of  surface  over 
which  the  blood  comes  in  contact  with  the  vessel,  the  more  is  its  coagu- 
lation hastened.  If  the  blood  be  allowed  to  flow  into  a tall,  narrow, 
cylindrical  vessel,  or  into  a shallow  plate,  it  coagulates  more  rapidly 
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than  if  received  into  a hemispherical  bowl,  in  which  the  extent  of  sur- 
face is  less,  in  proportion  to  the  quantity  of  blood  which  it  contains. 
For  the  same  reason,  coagulation  takes  place  more  rapidly  in  a vessel 
with  a roughened  internal  surface  than  in  one  which  is  smooth ; and 
blood  coagulates  most  rapidly  when  spread  out  in  thin  layers,  or  entan- 
gled among  the  fibres  of  cloth  or  sponges.  Hemorrhage,  accordingly, 
continues- longer  from  an  incised  wound  than  from  a lacerated  one;  be- 
cause the  blood,  in  flowing  over  the  ragged  edges  of  lacerated  tissues, 
solidifies  upon  them,  and  thus  blocks  up  the  wound. 

In  all  cases  there  is  an  inverse  relation  between  the  rapidity  of  coagu- 
lation and  the  firmness  of  the  clot.  When  coagulation  takes  place  slowly, 
the  clot  afterward  becomes  small  and  dense,  and  the  serum  is  abundant- 
When  it  is  rapid,  there  is  but  little  contraction  of  the  coagulum,  an  im- 
perfect separation  of  the  serum,  and  the  clot  remains  large,  soft,  and 
gelatinous. 

The  blood  coagulates  also  in  the  interior  of  the  vessels  after  stoppage 
of  the  circulation.  Under  these  circumstances  coagulation  takes  place 
less  rapidly  than  if  the  blood  were  wholly  withdrawn  from  the  body. 
In  man,  as  a general  rule,  the  blood  is  found  coagulated  in  the  cavities 
of  the  heart  and  large  vessels  in  from  twelve  to  twenty-four  hours  after 
death.  In  the  lower  animals,  coagulation  occurs  earlier  than  this, 
namely,  from  four  to  ten  hours  after  death. 

Coagulation  of  the  blood  takes  place  also  in  the  interior  of  the  body, 
during  life,  from  local  arrest  or  impediment  of  the  circulation.  Thus,  if 
blood  be  accidentally  extravasated  into  the  connective  tissue,  the  sub- 
stance of  the  brain  or  spinal  cord,  or  a serous  cavity,  it  coagulates  after 
a short  time,  and  forms  a clot  which  takes  the  shape  of  the  cavity  occu- 
pied by  it.  If  a ligature  be  placed  upon  an  artery  in  the  living  subject, 
the  blood  which  stagnates  above  the  ligatured  spot  coagulates  as  it 
would  do  if  removed  from  the  circulation.  The  clot  extends  from  the 
ligature  backward  to  the  situation  of  the  next  collateral  branch,  that  is, 
to  the  point  at  which  the  movement  of  the  circulation  still  continues. 
In  an  arterial  aneurism,  during  life,  the  blood  in  the  dilated  portion  of 
the  artery,  which  is  sufficiently  removed  from  the  centre  of  the  current, 
gradually  coagulates  upon  the  inner  surface  of  the  sac.  In  these  cases, 
as  well  within  as  outside  the  body,  and  during  life  as  well  as  after 
death,  the  stoppage  or  retardation  of  the  circulatory  movement  induces, 
after  a time,  the  coagulation  of  the  blood. 

It  is  asserted,  however,  by  some  observers,  that  simple  stoppage  of 
the  circulation  during  life  will  not  induce  coagulation,  unless  the  inner 
membrane  of  the  bloodvessels  be  wounded  or  irritated.  According  to 
Burdon  Sanderson,  if  blood  be  imprisoned  in  the  jugular  vein  of  the 
living  rabbit  by  carefully  compressing  the  vessel  at  two  points  between 
transverse  needles,  so  arranged  as  not  to  wound  or  bruise  the  vascular 
coats,  it  will  remain  fluid  in  this  situation  for  two  days  ; while  if  ordi- 
nary ligatui’es  be  placed  immediately  around  the  vessel,  a coagulum  is 
formed  in  the  isolated  portion  of  the  vein. 
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The  coagulation  of  fibrine  is  not  a commencement  of  organization. 
It  is  simply  the  passage  of  an  albuminous  ingredient  of  the  blood  from 
its  normal  fluid  condition  to  a state  of  solidity.  The  coagulable  ingre- 
dient of  the  blood,  when  solidified,  has  lost  its  natural  properties  as  a 
constituent  of  the  liquid  plasma,  and  cannot  afterward  be  restored  to 
its  original  condition.  The  clot,  therefore,  when  once  formed,  even  in 
the  interior  of  the  system,  as  in  cases  of  ligature,  apoplexy,  oii  extrava- 
sation, becomes  a foreign  body,  and  is  reabsorbed  by  the  neighboring 
parts  during  convalescence.  At  first  the  clot  is  comparatively  volumi- 
nous, soft,  and  of  a deep  red  color.  Its  more  fluid  parts  are  then  reab- 
sorbed, and  the  clot  becomes  smaller  and  denser.  The  red  coloring 
matter  gradually  diminishes  as  absorption  goes  on,  and  finally  altogether 
disappears.  The  time  required  for  complete  reabsorption  varies  from  a 
few  days  to  several  months,  according  to  the  size  of  the  clot  and  the 
situation  in  which  extravasation  has  taken  place. 

Nature  of  the  Process  of  Coagulation. — The  difficulty  in  fully  under- 
standing the  nature  of  coagulation  depends  upon  the  fact  that  the  blood 
naturally  continues  fluid  under  all  ordinary  conditions  while  circulating 
in  the  vessels,  but  coagulates  inevitably  within  a few  minutes  after  its 
removal.  Properly  speaking,  the  fibrine  which  we  obtain  at  the  time  of 
coagulation,  either  by  itself  or  as  forming  a part  of  the  clot,  does  not 
pre-exist  in  the  blood  with  the  same  constitution  and  properties,  other- 
wise it  would  coagulate  within  the  vessels  during  life.  It  must  be  de- 
rived from  some  ingredient  of  the  blood,  which,  on  being  withdrawn  from 
the  current  of  the  circulation,  suffers  a change  by  which  it  becomes 
spontaneously  coagulable.  It  is  not  easy  to  understand  what  this 
change  may  be,  or  what  are  the  immediate  influences  which  produce  it. 

There  are  two  theories  in  existence  as  to  the  nature  of  coagulation. 
According  to  one  of  them  (Denis),  the  coagulable  fibrine  is  produced  by 
the  spontaneous  decomposition  of  a liquid  substance  pre-existing  in  the 
blood.  This  substance  is  termed  plasmine , and  is  thought  to  be  present 
in  the  plasma  of  the  blood  in  the  proportion  of  25  parts  per  thousand. 
When  withdrawn  from  the  circulation  it  decomposes  or  separates  into 
two  new  substances.  One  of  these  is  fibrine  (3  parts  per  thousand), 
which  immediately  coagulates;  the  other  is  metalbumen  (22  parts  per 
thousand),  which  remains  fluid.  The  basis  of  this  theory  is,  that  if 
fresh  blood  be  drawn  into  a concentrated  solution  of  sodium  sulphate, 
as  above  stated,  no  coagulation  takes  place.  But  if  sodium  chloride  m 
powder  be  added  to  this  mixture  in  the  proportion  of  ten  per  cent.,  it 
precipitates  a white  pasty  substance,  which  is  thrown  down  because  it 
L insoluble  in  a sodium  chloride  solution  of  that  strength  This  sub- 
stance, the  so-called  w plasmine,”  represents  25  parts  per  thousand  of 
the  original  plasma.  After  its  separation  it  may  be  readily  dissolved 
again  by  the  addition  of  water ; but  in  a few  moments  its  solution  coagu- 
lates lielding  3 parts  of  a solid  matter  like  ordinary  fibrine,  and  22 
parts’  of  a liquid  substance  having  the  properties  of  metalbumen  The 
albumen  proper  of  the  blood  remains  behind  m the  sodium  sulphate 
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solution,  not  having  been  precipitated  by  the  addition  of  sodium  chlo- 
ride. 

According  to  the  other  theory  (Schmidt),  the  eoagulable  fibrine  is 
produced  by  the  union  of  two  previously  existing  substances,  neither 
of  which  is  eoagulable  by  itself.  One  of  these  is  termed  fibrino-plastic 
matter , because  it  has  the  property  of  inducing  coagulation  in  a liquid 
containing  the  other  material.  This  second  material  is  named  fibri- 
nogen, being  considered  as  more  directly  the  generator  of  the  eoagulable 
fibrine.  The  plasma  of  the  blood  is  supposed  to  contain  both  these 
substances,  but  in  very  different  quantities  ; the  fibrino-plastic  matter 
being  abundant,  the  fibrinogen  comparatively  scanty.  When  the  fibri- 
nogen, accordingly,  has  all  been  converted  into  fibrine  and  has  coag- 
ulated, a surplus  of  fibrino-plastic  matter  still  remains  in  the  serum, 
and  may  be  used  to  induce  coagulation  in  other  liquids  which  would  not 
coagulate  of  themselves.  This  last  fact  forms  the  basis  of  the  theory. 
If  the  clear  serum  from  coagulated  blood  be  added,  at  the  temperature 
of  the  living  body,  to  filtered  hydrocele  fluid,  after  some  minutes  the 
mixture  coagulates  into  a transparent  gelatinous  mass,  which  afterward 
exudes  a colorless  serum.  Both  fibrino-plastic  matter  and  fibrinogen 
are  obtained  from  the  liquids  containing  them,  by  dilution  with  water 
and  by  passing  though  them  for  a considerable  time  a continuous  stream 
of  carbonic  acid.  Fibrinogen  is  also  precipitable  by  the  addition  of 
sodium  chloride  to  the  point  of  saturation. 

This  theory  not  having  been  found  sufficient  to  account  for  all  the 
phenomena  of  coagulation,  its  author  has  modified  it1  by  supposing  that, 
while  fibrino-plastic  matter  and  fibrinogen  by  their  combination  furnish 
the  material  of  the  eoagulable  fibrine,  they  need,  in  order  to  effect  their 
union,  the  influence  of  a third  substance,  which  does  not  itself  form  any 
part  of  the  fibrine,  but  which  acts  as  a ferment  to  excite  the  combina- 
tion of  the  two  others.  A fluid  accordingly  may  contain  both  fibrino- 
plastic  matter  and  fibrinogen,  and  yet  will  not  coagulate  unless  the 
ferment  be  also  present.  The  ferment  is  supposed  to  be  generated  in 
the  blood  only  after  its  withdrawal  from  the  vessels ; and  this  accounts 
for  its  fluid  condition  while  the  circulation  is  going  on. 

Neither  of  the  foregoing  explanations  rests  upon  complete  demonstra- 
tion. The  plasmine  of  Denis  may  be,  from  the  first,  a mixture  of  two 
different  substances,  both  of  which  are  precipitable  by  sodium  chloride 
from  the  sodium  sulphate  solution ; and  the  union  of  the  two  fibrine 
generators  of  Schmidt,  under  the  influence  of  a “ ferment,”  still  leaves 
it  quite  unknown  how  or  by  what  causes  this  ferment  is  generated  when 
the  blood  coagulates  after  removal  from  the  vessels.  The  only  thing 
which  seems  absolutely  certain  is  that  a substance  exists  in  the  blood 
in  small  quantity  which  becomes  eoagulable  by  a spontaneous  change 
soon  after  it  is  withdrawn  from  the  influences  of  the  circulation. 

If  we  endeavor  to  explain  why  this  change  and  the  consequent  coagu- 

1 Archiv  fur  die  Gesammte  Physiologie,  1872,  Baud  vi.  p 413. 
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lation  of  the  blood  do  not  occur  normally  in  the  bloodvessels  during  life, 
the  most  important  facts  bearing  on  this  point  are  that  the  blood  of  the 
renal  and  hepatic  veins  yields  no  librine,  or  much  less  than  arterial  blood. 
The  substance  which  causes  coagulation,  therefore,  is  decomposed  and 
disappears  from  the  blood  while  passing  through  the  liver  and  the  kidneys. 
This  is  established  by  the  observations  of  Simon,  Lehmann,  and  Brown- 
Sdquard.  While  an  abundance  of  fibrine  may  be  obtained  from  either 
arterial  or  portal  blood,  none  or  only  feeble  traces  of  it  are  to  be  found 
in  that  of  the  hepatic  or  the  renal  veins.  This  substance,  being  con- 
stantly eliminated  from  the  blood  in  this  way  by  the  liver  and  kidneys,  is 
necessarily  produced  afresh  elsewhere  at  the  same  time,  since  its  quan- 
tity in  the  blood  remains  unchanged ; and  the  new  material  thus  formed 
is  also  rapidly  altered  by  a continuation  of  the  same  process.  By 
calculating  approximately  the  quantity  of  blood  contained  in  the  whole 
body  and  that  passing  daily  through  the  liver  and  kidneys,  it  appears 
that  a quantity  of  fibrine  equal  to  that  in  the  entire  blood  must  be  de- 
stroyed and  reproduced  several  times  over  in  the  course  of  a single  day. 
Thus  the  fibrine  which  appears  in  a specimen  of  blood  drawn  from  the 


vessels  at  any  one  time,  and  which  causes  its  coagulation,  is  derived 
from  a substance  of  very  recent  formation  ; and,  if  allowed  to  remain  in 
the  bloodvessels,  it  would  have  disappeared  by  metamorphosis  before 
arriving  at  the  stage  of  coagulation. 

Usefulness  of  Fibrine  and  of  its  property  of  Coagulation. — Although 
the  fibrine  of  the  blood,  from  its  small  quantity  and  the  general  charac- 
ter of  its  properties,  does  not  seem  to  take  a direct  part  in  the  moie 
essential  phenomena  of  nutrition,  it  is  still  a very  important  ingredient 
of  the  circulating  fluid.  Upon  the  presence  of  this  substance  depends 
the  process  by  which  nature  effects  the  arrest  of  hemonhage  fiom 
divided  or  ruptured  bloodvessels.  Whenever  a wound  is  accidentally 
made  in  vascular  tissues,  the  blood  at  first  flows  freely  from  the  external 
orifice.  But  a portion  of  the  blood  coagulates  upon  the  edges  of  the 
wound,  and  after  a time  the  successive'  deposits  of  cogulated  fibrine 
become  sufficient  to  effectually  close  the  opening  and  prevent  further 
loss  of  blood.  The  proper  treatment  for  wounds  of  moderate  size,  in 
which  only  the  veins  and  capillaries,  or  small  arteries,  have  been  divided, 
is  simply  to  apply  compression  and  to  keep  the  edges  of  the  wound  in 
contact  continuously  for  fifteen  or  twenty  minutes.  By  this  time  the 
thin  layer  of  blood  between  the  wounded  surfaces,  thus  kept  at  rest,  has 
coagulated,  and  the  hemorrhage  does  not  reappear  when  the  artificial 
compression  is  removed.  If  a larger  artery  be  opened,  the  force  with 
which  the  blood  is  expelled  prevents  local  coagulation,  or  is  sufficient 
to  detach  the  coagula  after  they  are  formed.  In  such  cases  according  y 
the  surgeon  places  a ligature  upon  the  wounded  artery  itself,  and  m this 
way  effectually  controls  the  hemorrhage.  But  even  m this  instance  the 
lio-ature  is  only  a means  of  applying  compression  for  a longer  tune,  am 
is° still  temporary,  as  it  must  come  away  again  when  it  ulcerates  throug 
the  coats  of  the  vessel.  The  immediate  and  essential  means  of  stopping 
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the  flow  of  blood,  even  in  a ligatured  artery,  is  the  .coagulum  which 
forms  within  the  vessel  behind  the  ligature;  and  which,  by  the  time  the 
ligature  is  detached  by  ulceration,  has  become  sufficiently  Arm  and  adhe- 
rent to  resist  the  impulse  of  the  blood. 

The  importance  of  fibrine  in  this  respect  is  shown  by  the  difficulties 
which  follow  in  cases  where  it  is  deficient.  In  some  instances  of  the 
ligature  of  large  arteries,  in  patients  much  exhausted  by  injury  or  by 
previous  loss  of  blood,  the  surgeon  finds  that  when  the  ligature  comes 
awajr  the  bleeding  begins  again,  no  internal  clot  having  been  formed ; 
and  a second  ligature,  applied  above  the  situation  of  the  former  one,  is 
again  followed  by  secondary  hemoi'rhage.  In  certain  persons  also  there 
appears  to  be  a congenital  deficiency  of  the  coagulating  ingredient  of 
the  blood,  a peculiarity  sometimes  observed  in  several  members  of  the 
same  family;  and  in  these  cases,  any  slight  accidental  wound,  or  tri- 
vial surgical  operation,  may  be  followed  by  long-continued  or  even  fatal 
hemorrhage. 

Entire  Quantity  of  Blood  in  the  Body. — The  estimation  of  the  whole 
mass  of  the  blood  in  the  living  body  is  surrounded  with  many  difficul- 
ties. The  first  and  simplest  method  adopted  for  this  purpose  was  by 
suddenly  dividing  all  the  vessels  of  the  neck  in  the  living  animal  and 
collecting  all  the  blood  which  escaped.  This  method,  however,  was 
found  to  be  quite  faulty,  since  the  flow  of  blood  ceases,  in  such  an 
experiment,  not  because  the  whole  of  it  has  been  discharged,  but  because 
coagula  have  formed  about  the  orifices  of  the  divided  vessels  and  because 
the  force  of  the  heart’s  action  is  no  longer  sufficient  to  overcome  the 
obstruction.  A certain  quantity  of  blood,  therefore,  always  remains  in 
the  body  after  death  by  hemorrhage;  and  this  quantity,  as  shown  by 
subsequent  experiments,  may  even  amount  to  over  25  per  cent,  of  the 
whole  mass  of  blood.  The  animal  therefore  dies  before  he  has  lost  quite 
three-fourths  of  the  circulating  fluid. 

Other  methods  have  been  adopted  by  various  experimenters,  none  of 
which  are  absolutely  free  from  all  possible  sources  of  error.  The  best 
is  that  by  which,  after  all  the  blood  is  discharged  which  can  be  made 
to  escape  spontaneously  from  divided  vessels,  the  circulatory  system 
is  immediately  injected  with  water  or  a weak  saline  solution,  until  the 
fluid  of  injection,  after  traversing  the  vascular  channels,  returns  nearly 
or  quite  colorless.  The  quantity  of  blood  which  it  has  thus  washed  out 
of  the  vessels  is  then  ascertained,  either  by  a comparison  of  its  color 
with  that  of  a watery  dilution  of  blood  of  known  strength,  or  by  com- 
paring the  quantity  of  its  solid  ingredients  with  that  of  a similar  watery 
dilution. 

The  most  accurate  of  these  processes  is  that  employed  by  Steinberg,1 
who,  after  bleeding  the  animal  to  death,  injected  the  aorta  with  a watery 
solution  of  sodium  chloride,  of  the  strength  of  one-half  per  cent.,  until 
the  fluid  of  injection  returned  colorless.  The  whole  of  the  fluid  which 

1 Archiv  flir  die  Gesammte  Physiologie,  1873,  Band  vii.  p.  101. 
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had  been  used  for  injection  being  then  mingled,  a small  quantity  of  it 
was  taken,  and  the  proportion  of  hemoglobine  contained  in  it  determined 
by  the  spectroscopic  test  as  follows  : Equal  quantities  of  pure  blood  were 
placed  in  two  similar  test-tubes,  and  diluted,  one  of  them  with  pure 
water,  the  other  with  the  fluid  of  injection,  until  each  of  them,  placed 
before  the  slit  of  the  spectroscope,  just  allowed  the  green  light  of  the 
spectrum  to  become  visible.  From  the  relative  quantities  of  the  two 
liquids  which  must  be  added  to  produce  this  result,  the  amount  of 
hemoglobine,  and  consequently  of  blood,  extracted  by  the  injection  could 
be  readily  calculated.  This  quantity,  added  to  that  which  had  escaped 
spontaneously  from  the  vessels,  gave  the  entire  amount  of  blood,  as 
follows : 

Quantity  op  Blood,  in  various  animals,  as  compared  with  the  weight  of  the 

WHOLE  BODY. 

Ill  Dogs,  from  8.00  to  8.93  per  cent. 

“ Cats,  “ 8.40  “ 9.61 

“ Guinea-pigs,  “ 8.13  “ 8.33 

“ Babbits,  V 7.50  “ 8.13 

There  is  evidence,  however,  that  the  quantity  of  blood  varies  naturally, 
in  the  same  animal,  according  to  the  condition  of  the  system  at  large, 
and  especially  according  to  that  of  the  digestive  process.  Steinberg 
found  that  in  the  cat,  while  fasting,  the  percentage  of  blood  was  reduced 
from  8.40  to  5.61  per  cent.  Bernard1  has  observed  that  if  two  animals 
of  the  same  weight,  one  of  which  is  in  full  digestion  while  the  other  is 
fasting,  be  suddenly  decapitated,  the  quantity  of  blood  discharged  from 
the  former  is  much  greater  than  that  from  the  latter.  He  has  also 
shown  that,  in  a rabbit  during  digestion,  twice  as  much  blood  can  be 
withdrawn  without  causing  death,  as  in  one  of  the  same  weight  but 
in  the  fasting  condition.  The  volume  of  the  blood,  therefore,  contained 
in  the  body,  fluctuates,  within  certain  limits,  with  the  alternate  intro- 
duction of  nutritious  matter  by  digestion  and  its  expenditure  during 
the  interval  of  fasting. 

The  most  satisfactory  determination  of  the  quantity  of  blood  in  the 
human  subject  is  that  by  Weber  and  Lehmann.2  These  observers 
operated  upon  two  criminals  who  suffered  death  by  decapitation ; the 
methods  and  results  being  essentially  the  same  in  both  cases.  In  one 
of  them  the  body  weighed  before  decapitation  60.14  kilogrammes  ; and 
the  blood  which  escaped  from  the  vessels  at  the  time  of  decapitation 
amounted  to  5540  grammes.  In  order  to  estimate  the  quantity  of  blood 
which  remained  in  the  vessels,  the  experimenters  injected  the  arteries 
of  the  head  and  trunk  with  water  until  it  returned  from  the  veins  of  a 
pale  red  or  yellow  color,  collected  the  fluid  thus  returned,  and  ascer- 
tained how  much  solid  matter  it  held  in  solution.  This  amounted  to 

1 LeQons  sur  les  Liquides  de  l’Organisme.  Paris,  1859,  tome  i.  p.  419. 

2 Physiological  Chemistry,  Cavendish  edition.  Loudon,  1853,  vol.  ii.  p.  269. 
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37.24  grammes,  corresponding  to  1980  grammes  of  blood.  The  result 
of  the  experiment  is  therefore  as  follows : 

Blood  which  escaped  from  the  vessels  ....  5540  grammes. 

“ remained  in  the  body  ....  1980 

Whole  quantity  of  blood  in  the  living  body,  7520 

The  blood,  accordingly,  in  these  cases  amounted  to  12.54  percent,  of 
the  entire  bodily  weight ; and  the  body  of  a healthy  man,  weighing  65 
kilogrammes  (143  pounds  avoirdupois)  will  contain  on  the  average  8127 
grammes  (18  pounds)  of  blood. 
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CHAPTER  XIII. 

RESPIRATION. 

The  most  constant  and  striking  phenomenon  presented  by  living 
organisms,  both  animal  and  vegetable,  is  the  absorption  of  oxygen.  A 
supply  of  this  substance,  either  in  the  gaseous  form  as  a constituent 
part  of  the  atmospheric  air,  or  dissolved  in  water  or  other  liquids,  is 
indispensably  requisite  for  the  maintenance  of  life  and  the  manifestation 
of  vital  phenomena.  Oxygen  exists  diffused  everywhere  over  the  sur- 
face of  the  earth,  forming  rather  more  than  one-fifth  part  of  the  volume 
of  the  atmosphere,  and  it  is  dissolved  in  greater  or  less  abundance  in 
the  water  of  springs,  rivers,  lakes,  and  seas.  Animals  and  plants,  ac- 
cordingly, whether  living  in  the  air  or  in  the  water,  are  surrounded  by 
media  in  which  this  substance  is  constantly  present.  Even  parasitic 
organisms,  inhabiting  the  interior  of  other  living  bodies,  and  the  foetus 
during  the  period  of  its  intra-uterine  development,  though  not  imme- 
diately in  contact  with  oxygen,  are  supplied  with  nutritious  fluids  which 
have  themselves  been  exposed  to  its  influence.  The  function  of  respi- 
ration  consists  in  the  process  by  which  oxygen  penetrates  the  substance 
of  living  organisms,  together  with  the  changes  which  accompany  and 
follow  its  introduction. 

Respiration  in  Vegetables.— In  regard  to  the  phenomena  of  respira- 
tion in  vegetables,  a distinction  is  to  be  made  between  respiration  proper 
and  the  absorption  of  gaseous  matter  for  the  production  of  organic 
material.  It  is  well  known  that  all  green  plants,  under  the  influence 
of  the  solar  light,  have  the  power  of  absorbing  carbonic  acid  and  water, 
and  of  partially  deoxidizing  these  substances,  to  form,  with  their  re- 
maining elements,  starch,  cellulose,  and  fat.  The  oxygen  thus  sepa- 
rated from  its  inorganic  combinations  is  exhaled  by  the  plant  in  a free 
form ; while,  as  a result  of  the  process,  an  accumulation  of  organic  ma- 
terial takes  place  in  the  vegetable  fabric,  which  increases  in  substance, 
and  may  afterward  serve  for  the  nutrition  oi  animal  bodies.  This  ac- 
cordingly is  not  a process  of  respiration,  but  one  of  organic  production. 
It  is  peculiar  to  vegetables,  animals  having  no  power  to  produce  organic 
material,  and  therefore  depending  upon  vegetables  for  their  supply  of  food. 

Animals,  on  the  other  hand,  consume  the  organic  material  thus  pro- 
duced, at  the  same  time  absorbing  oxygen  and  exhaling  carbonic  acid 
and  water.  In  this  respect  there  is  an  opposition  between  the  actions 
of  animal  and  vegetable  life, "by  which  they  stand  in  a complementary 
relation  to  each  other.  Vegetables  produce  organic  matter  by  a process 
of  deoxidation ; animals  consume  it  with  the  phenomena  of  oxidation. 

( 210  ) 


ORGANS  OF  RESPIRATION. 


271 


But  this  apparent  opposition  between  the  phenomena  of  animal  and 
vegetable  life  only  exists  because  plants  have  the  special  power  of  pro- 
ducing organic  matter,  by  which  they  become  the  source  of  nourish- 
ment for  the  entire  living  creation.  The  organic  substances  so  pro- 
duced do  not  immediately  take  part  in  the  more  active  phenomena  even 
of  vegetable  life.  They  are,  on  the  contrary,  deposited  in  a more  or  less 
quiescent  form,  and  constitute  a reserve  material,  to  be  afteiwaid  trans- 
formed and  assimilated  by  the  plant,  or  consumed  by  herbivorous  ani- 
mals. In  vegetables,  as  well  as  in  animals,  a true  respiration  also  takes 
place,  which  is  marked  in  both  instances  by  the  absorption  of  oxygen. 
The  deoxidizing  process,  by  which  organic  matter  is  produced,  occurs 
only  in  green  vegetables,  and  under  the  influence  of  the  solar  light ; 
while  the  absorption  of  oxygen  is  a constant  phenomenon,  taking  place 
in  both  green  and  colorless  plants,  and  in  darkness  as  well  as  in  the 
light. 

The  more  active  phenomena  of  vegetation,  moreover,  are  immediately 
dependent  upon  the  absorption  of  oxygen,  and  cannot  go  on  without  it. 
When  the  starch  which  has  been  stored  up  in  the  seed  becomes  liquefied 
and  converted  into  sugar,  and  the  process  of  germination  and  growth 
begins,  the  absorption  of  oxygen  is  necessary  to  its  continuance.  This 
is  seen  not  only  in  germinating  seeds,  but  also  in  expanding  leaf  and 
flower  buds,  all  of  which  organs  consume  in  a short  period  several  times 
their  volume  of  oxygen.  The  processes  of  germination,  growth,  and 
flowering,  as  well  as  the  intra-cell ular  movement  of  the  vegetable  plasma, 
the  motions  of  the  sensitive-plant  in  response  to  stimulus,  and  the  pe- 
riodical movements  of  the  leaves  in  certain  other  vegetable  species,  all 
cease  in  an  atmosphere  deprived  of  oxygen.1  The  function  of  respira- 
tion is  accordingly  a universal  one,  and  essential  to  all  forms  of  vital 
activity. 

Organs  of  Respiration. 

The  process  of  respiration  takes  place  very  actively  in  the  mamma- 
lians and  birds,  less  so  in  reptiles  and  fishes ; and  in  these  different 
classes  the  organs  by  which  it  is  accomplished  vary  in  size  and  struc- 
ture according  to  the  activity  of  the  function  itself.  Its  necessary  con- 
ditions everywhere  are  that  the  circulating  fluid  should  be  exposed  in 
some  way  to  the  influence  of  the  atmospheric  air  or  of  an  aerated  fluid. 
The  respiratory  apparatus,  accordingly,  consists  essentially  of  a moist 
and  permeable  animal  membrane,  termed  the  respiratory  membrane, 
with  bloodvessels  on  one  side  of  it,  and  air  or  an  aerated  fluid  on  the 
other.  The  blood  and  the  air,  consequently,  do  not  coine  in  direct  con- 
tact with  each  other,  but  absorption  and  exhalation  take  place  through 
the  respiratory  membrane  which  lies  between. 

1 Mayer,  Lelirbuch  der  Agrikultur-Chemie.  Heidelberg,  1871,  Band  i.  pp. 
91-95. 
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Head  and  Gills  of  Menobhanchus. 


In  most  aquatic  animals,  the  respiratory  organs  have  the  form  of 
gills  or  branchiae;  that  is,  filamentous  prolongations  of  some  part  of  the 
integument  or  mucous  membranes,  which  contain  an  abundant  supply 
of  bloodvessels,  and  which  hang  out  freely  into  the  surrounding  water. 
In  many  kinds  of  amphibious  reptiles,  as,  for  example,  in  Menobranchus 

(Pig.  90),  there  are  upon  each 
90.  side  of  the  neck  feathery  tufts  or 

prolongations  from  the  mucous 
membrane  of  the  pharynx,  which 
pass  out  through  lateral  fissures 
in  the  neck.  Each  filament  con- 
sists of  a thin  fold  of  mucous 
membrane,  containing  in  its  in- 
terior a network  of  minute  blood- 
vessels. The  venous  blood,  as  it 
enters  the  filament,  is  exposed  to 
the  influence  of  the  surrounding 
water,  and  is  thus  converted  into  arterial  blood.  The  apparatus  is 
further  supplied  with  a cartilaginous  framework  and  a set  of  muscles, 
by  which  the  gills  are  kept  in  motion,  and  constantly  brought  into  con- 
tact with  fresh  portions  of  the  aerated  fluid. 

In  terrestrial  and  air-breathing  animals,  the  respiratory  apparatus  is 
situated  internally.  In  salamanders  and  newts,  for  example,  which, 
though  partly  aquatic  in  their  habits,  are  air-breathing  animals,  the 
lungs  are  cylindrical  sacs,  running  nearly  the  entire  length  of  the  body, 
commencing  anteriorly  by  a communication  with  the  pharjmx,  and  ter- 
minating by  rounded  extremities  at  the  posterior  part  of  the  abdomen. 

These  air-sacs  have  a smooth  internal  surface  ; and 
the  blood  which  circulates  through  their  vessels  is 
arterialized  by  exposure  to  the  air  contained  in  their 
cavities.  The  air  is  forced  into  the  lungs  by  a kind 
of  swallowing  movement,  and  is  after  a time  regur- 
gitated and  discharged,  to  make  room  for  a fresh 
supply. 

In  frogs,  turtles,  and  serpents,  the  cavity  of  the 
lung,  instead  of  being  simple,  is  divided  by  incom- 
plete partitions  into  a number  of  smaller  cavities  or 
“ cells.”  The  cells  all  communicate  with  the  central 
pulmonary  cavity ; and  the  partitions,  which  join 
each  other  at  various  angles,  are  composed  of  thin, 
projecting  vascular  folds  of  the  lining  membrane. 
(Fig.  91.)  By  this  arrangement,  the  extent  of  sur- 
face presented  to  the  air  by  the  pulmonary  membrane  is  increased,  and 
the  arterialization  of  the  blood  takes  place  with  a corresponding  degree 
of  rapidity. 

In  man,  and  in  the  warm-blooded  quadrupeds,  the  lungs  are  constructed 
on  a plan  essentially  similar  to  the  above,  but  which  differs  fiom  it  in 


Fis.  91. 


Lung  of  Fkog, 
out  open,  showing  its 
internal  surface. 


ORGANS  OF  RESPIRATION. 


273 


the  greater  extent  to  which  the  pulmonary  cavity  is  subdivided.  The 
respiratory  apparatus  in  man  (Fig.  92)  commences  with  the  larynx, 
which  communicates  with  the  pharynx  at  the  upper  part  of  the  neck. 


Fig.  92. 


Human  Laetsi,  Trachea,  Bronchi,  and  Lungs;  showing  the  ramification  of 
the  bronchi,  and  the  division  of  the  lungs  into  lobules. 

Then  follows  the  trachea,  a membranous  tube  with  cartilaginous  rings, 
which,  upon  its  entrance  into  the  chest,  divides  into  the  right  and  left 
bronchi.  These  divide  successively  into  secondary  and  tertiary  bronchi ; 
the  subdivision  continuing,  while  the  bronchial  tubes  grow  smaller  and 
more  numerous,  and  separate  constantly  from  each  other.  As  they 
diminish  in  size,  the  tubes  grow  more  delicate  in  structure,  and  the  car- 
tilaginous rings  and  plates  disappear  from  their  walls.  They  are  finally 
reduced,  according  to  Kolliker,  to  the  size  of  0.3  millimetre  in  diameter ; 
and  are  composed  only  of  a thin  mucous  membrane,  lined  with  pave- 
ment epithelium,  resting  upon  an  elastic  fibrous  layer.  They  are  then 
known  as  the  “ ultimate  bronchial  tubes.” 

Each  ultimate  bronchial  tube  terminates  in  a pyramidal  division  or 
islet  of  the  pulmonary  tissue,  about  2 millimeti'es  in  diameter,  which  is 
termed  a “ pulmonary  lobule.”  Each  lobule  may  be  considered  as  rep- 
resenting the  entire  frog’s  lung  in  miniature.  It  consists  of  a vascular 
membrane  in  the  form  of  a pyramidal  sac,  the  cavity  of  which  is  divided 
into  secondary  compartments  by  thin  septa  or  partitions  which  project 
from  its  internal  surface.  These  secondary  cavities  are  the  “ pulmonary 
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vesicles.”  They  have,  according  to  Kolliker,  an  average  diameter  of 
about  0.25  millimetre  ; but  owing  to  the  elasticity  of  their  walls,  each 
vesicle  is  capable  of  dilating  to  double  or  triple  its  former  size,  and 
returning  to  its  original  dimensions  when  the  distending  force  is  re- 
moved. There  is  every  reason  to  believe  that  during  life  they  are  alter- 
nately enlarged  and  diminished  in  size,  as  the  lungs  are  filled  and  emptied 
with  the  movements  of  respiration. 


Fig.  93. 


Small  LouuiB  of  Huim  Buno. 
— a.  Ultimate  bronchial  tube.  b.  Cavity  of 
lobule.  c,c,c.  Pulmonary  vesicles. 


Fig.  94. 


Network  of  Capillary  Blood- 
vessels in  the  Pulmonary  Vesicles  of  the 
Horse.  (Frey.) 


Each  pulmonary  vesicle  is  covered  upon  its  exterior  with  a close  net- 
work of  capillary  bloodvessels,  which  penetrate  into  the  septa  between  it 
and  the  adjacent  cavities,  and  which  are  thus  exposed  on  both  sides  to 
the  influence  of  the  atmospheric  air.  In  the  walls  of  the  vesicles,  and 
also  in  the  interspaces  between  the  lobules,  there  is  an  abundance  oi 
elastic  tissue,  which  gives  to  the  pulmonary  structure  its  property  of 
resiliency.  The  thin  layer  of  pavement  epithelium  lining  the  ultimate 
bronchial  tubes  extends  into  the  cavities  of  the  lobules  and  vesicles, 
forming,  according  to  the  observations  of  Kolliker,  a continuous  in\  est- 
ment  of  their  internal  surface. 

The  abundant  involution  of  the  respiratory  membrane,  effected  by  the 
subdivision  of  the  bronchial  tubes  and  the  multiplication  of  the  vascular 
septa  between  the  vesicles,  existing  in  the  lungs  of  man  and  the  mam- 
malians, evidently  increases  to  an  extraordinary  degree  the  functional 
activity  of  the  organs  of  respiration.  The  entire  extent  of  the  respira- 
tory surface  in  the  human  lungs  has  been  estimated  at  130  square 
metres,  which  is  probably  not  an  exaggeration.  The  blood,  accordingly , 
in  the  pulmonary  capillaries,  distributed  in  thin  layers  ovei  so  laige  a 
surface,  in  immediate  proximity  to  the  air  in  the  cavity  of  the  vesicles, 
is  placed  under  the  most  favorable  conditions  for  its  rapid  and  complete 
arterialization. 
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The  air  which  is  contained  in  the  pulmonary  lobules  and  vesicles, 
being  used  for  the  purpose  of  arterializing  the  blood,  becomes  rapidly 
vitiated  in  the  process  of  respiration,  and  requires  accordingly  to  be  as 
rapidly  expelled  and  replaced  by  a fresh  supply.  This  exchange  or 
renovation  of  the  air  is  effected  by  alternate  movements  of  the  chest,  of 
expansion  and  collapse,  which  follow  each  other  in  regular  succession, 
and  which  are  known  as  the  “ movement  of  inspiration,”  and  the  “ move- 
ment of  expiration.” 

Movement  of  Inspiration The  expansion  of  the  chest  is  effected  by 

two  sets  of  muscles,  namely,  the  diaphragm  and  the  intercostals. 
While  the  diaphragm  is  relaxed,  it  has  the  form  of  a vaulted  partition, 
the  edges  of  which  are  attached  to  the  inferior  extremity  of  the  sternum, 
the  inferior  costal  cartilages,  the  borders  of 


the  lower  ribs  and  the  bodies  of  the  lumbar  Fig.  95. 

vertebrae,  while  its  convexity  rises  into  the 
cavity  of  the  chest,  as  high  as  the  level  of 
the  fifth  rib.  When  the  fibres  of  the  dia- 
phragm contract,  their  curvature  is  neces- 
sarily diminished;  and  they  approximate  a 
straight  line,  in  proportion  to  the  extent  of 
their  contraction.  Consequently,  the  entire 
convexity  of  the  diaphragm  is  diminished  in 
the  same  proportion,  and  it  descends  to- 
ward the  abdomen,  enlarging  the  cavity  of 
the  chest  from  above  downward.  At  the 
same  time  the  intercostal  muscles  enlarge  it 
in  a lateral  direction.  For  the  ribs,  articu- 
lated behind  with  the  bodies  of  the  vertebrae, 
and  attached  to  the  sternum  by  the  flexible 
and  elastic  costal  cartilages,  are  so  arranged 
that,  in  a position  of  rest,  their  convexities 
look  obliquely  outward  and  downward. 

When  the  movement  of  inspiration  is  about 
to  commence,  the  first  rib  is  fixed  by  the 
contraction  of  the  scaleni  muscles,  and,  the 
intercostal  muscles  then  contracting  simul- 
taneously, the  ribs  are  drawn  upward.  In 
this  movement,  as  each  rib  rotates  upon  its 
articulations  with  the  spinal  column  at  one 
extremity  and  with  the  sternum  at  the 
other,  its  convexity  is  necessarily  carried 
outward  at  the  same  time  that  it  is  drawn 
upward,  and  the  parietes  of  the  chest  are 
expanded  laterally.  The  sternum  rises  slightly  with  the  same  move- 
ment, and  enlarges  to  some  extent  the  antero-posterior  diameter  of  the 


Diagram  Illustrating 
inn  Respiratory  Move- 
ments.— a.  O&vity  of  the  chest. 
b.  Diaphragm.  The  dark  out- 
lines show  the  figure  of  the  chest 
when  collapsed  ; the  dotted  lines 
show  the  same  when  expanded. 
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thorax.  By  the  simultaneous  action  of  the  diaphragm  "which  descends, 
and  of  the  intercostal  muscles  which  lift  the  ribs  and  the  sternum,  the 
cavity  of  the  chest  is  expanded  in  every  direction,  and  the  air  passes 
inward,  through  the  trachea  and  bronchial  tubes,  by  the  force  of  aspira- 
tion. 

The  action  of  these  two  sets  of  respiratory  muscles  is  indicated  exter- 
nally by  two  different  motions,  visible  to  the  eye;  namely,  an  expansion 
of  the  chest,  due  to  the  action  of  the  intercostals,  and  a protrusion  of 
the  abdomen,  caused  by  the  descent  of  the  diaphragm.  In  children,  as 
well  as  in  the  adult  male,  ill  the  ordinary  quiescent  condition,  the  dia- 
phragm performs  most  of  the  work  in  the  act  of  inspiration ; and  the 
movements  of  the  abdomen  are  the  only,  ones  which  are  especially 
marked.  Any  muscular  exertion,  however,  produces  an  increased  expan- 
sion of  the  chest ; and  the  movement  of  the  ribs,  accordingly,  becomes 
more  plainly  visible  after  walking  or  running.  In  the  female  the  move- 
ments of  the  chest,  and  particularly  of  its  upper  half,  are  habitually 
more  prominent  than  those  caused  by  the  action  of  the  diaphragm ; 
and  this  difference  in  the  mechanism  of  respiration  is  a characteristic 


mark  of  the  two  sexes. 

In  certain  abnormal  conditions  the  activity  of  either  the  intercostal 
muscles  or  the  diaphragm  may  be  separately  suspended,  leaving  the 
entire  work  of  respiration  to  be  performed  by  the  remaining  set  of 
muscles.  If  the  intercostal  muscles  be  paralyzed,  by  disease  or  injury 
of  the  spinal  cord  in  the  lower  cervical  or  upper  dorsal  region,  the 
thorax  remains  quiescent  in  respiration,  while  the  protrusion  of  the 
abdomen  is  increased  in  extent  to  a corresponding  degree.  This  mode 
of  breathing  is  called  abdominal  respiration. 

In  cases  of  peritonitis,  on  the  other  hand,  or  any  local  inflammation 
within  the  abdominal  cavity,  the  movements  of  the  diaphragm  are  some- 
times restrained,  owing  to  the  pain  which  they  excite  in  the  inflamed  sur- 
faces. This  is  known  as  thoracic  respiration  ; since  the  expansion  of 
the  chest  becomes  more  active  than  usual,  and  is  the  only  visible  move- 
ment performed. 

Movement  of  Expiration.— After  the  movement  of  inspiration  is 
accomplished  and  the  lungs  have  been  filled  with  air,  the  diaphragm 
and  intercostal  muscles  relax,  and  a movement  of  expiration  takes  place, 
by  which  the  chest  is  partially  emptied,  and  a portion  of  the  air  con- 
tained in  the  pulmonary  cavity  is  expelled.  While  the  movement  of 
inspiration,  however,  is  an  active  one,  accomplished  by  means  of  mus- 
cular contraction,  that  of  expiration  is  a passive  one,  resulting  from  a 
combination  of  several  forces.  The  principal  one  of  these  forces  is  the 
elastic  reaction  of  the  lungs  themselves,  due  to  the  numerous  fibres  of 
elastic  tissue  which  enter  into  the  structure  of  the  walls  of  the  pul- 
monary vesicles  and  smaller  bronchial  tubes,  and  are  disseminated  gene- 
rally between  the  lobules.  The  existence  of  this  elastic  force  m the 
pulmonary  tissue  is  readily  demonstrated  by  removing  the  lungs  from 
the  chest  of  a recently  killed  animal,  distending  them  by  artificial 
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insufflation  through  a tube  inserted  into  the  trachea,  and  then  relieving 
them  from  pressure.  They  at  once  react  with  sufficient  power  to  expel 
the  larger  portion  of  the  air  which  had  been  forced  into  their  cavities. 
The  same  elasticity  being  constantly  present  during  life,  the  air  is  sub- 
jected to  its  pressure,  and  is  consequently  expelled  as  soon  as  the  mus- 
cles of  inspiration  cease  to  act.  Other  organs,  however,  aid  in  the 
same  process.  The  costal  cartilages,  which  are  also  elastic,  having 
been  twisted  slightly  out  of  position  by  the  elevation  of  the  ribs,  resume 
their  original  form,  and,  drawing  the  ribs  down  again,  thus  serve  to  com- 
press the  sides  of  the  chest.  Lastly,  the  abdominal  organs,  which  have 
been  displaced  by  the  descent  of  the  diaphragm,  are  forced  backward 
by  the  elasticity  of  the  abdominal  walls  and  of  their  own  fibrous  attach- 
ments, carrying  the  relaxed  diaphragm  before  them.  By  the  constant 
recurrence  of  these  alternating  movements  of  inspiration  and  expiration, 
fresh  portions  of  air  are  incessantly  introduced  into  and  expelled  from 
the  chest. 

All  the  air,  however,  contained  in  the  lungs,  is  not  changed  at  each 
movement  of  respiration.  On  the  contrary,  a considerable  quantity 
remains  in  the  pulmonary  cavity  after  the  most  complete  expiration ; 
and  even  when  the  lungs  have  been  removed  from  the  chest,  they  still 
contain  a certain  amount  of  air,  which  cannot  be  entirely  displaced  by 
any  violence  short  of  disintegrating  the  pulmonary  tissue.  It  is  evi- 
dent, therefore,  that  only  a comparatively  small  portion  of  the  air  in 
the  lungs  passes  in  and  out  with  each  respiratory  movement ; and  it 
will  require  several  successive  respirations  before  it  can  be  entirely 
changed.  The  proportion  existing  between  the  air  which  is  changed  at 
each  respiration  and  the  entire  quantity  contained  in  the  chest  varies 
considerably  with  the  different  conditions  of  the  respiratory  function ; 
but  the  average  results  obtained  by  different  observers  show  that,  in 
general,  the  volume  of  the  inspired  and  expired  air  is  from  10  to  13  per 
cent,  of  that  contained  in  the  whole  of  the  pulmonary  cavity.  Thus  it 
will  require  froih  eight  to  ten  respirations  to  renovate  completely  the 
air  in  the  lungs. 

Respiratory  Movements  of  the  Glottis Beside  the  movements  of 

expansion  and  collapse  already  described,  belonging  to  the  chest,  there 
are  similar  movements  of  respiration  which  take  place  in  the  larynx. 
If  the  respiratory  passages  be  examined  in  the  state  of  collapse  in  which 
they  are  usually  found  after  death,  it  will  be  observed  that  the  opening 
of  the  glottis  is  smaller  in  calibre  than  the  cavity  of  the  trachea  below. 
The  glottis  presents  the  appearance  of  a narrow  chink,  while  the  passage 
for  the  inspired  air  widens  in  the  lower  part  of  the  larynx,  and  in  the 
trachea  constitutes  a spacious  tube,  nearly  cylindrical  in  shape,  and  over 
12  millimetres  in  diameter.  We  have  found  that  in  the  human  subject 
the  space  included  between  the  vocal  chords  has  an  area,  on  the  aver- 
age, of  only  one  square  centimetre ; while  the  calibre  of  the  trachea  in 
the  middle  of  its  length  is  2.81  square  centimetres.  This  disproportion, 
which  is  so  evident  after  death,  does  not  exist  during  life.  While 
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respiration  is  going  on,  there  is  a regular  movement  of  the  vocal  chords, 
synchronous  with  the  inspiratory  and  expiratory  movements  of  the 
chest,  by  which  the  size  of  the  glottis  is  alternately  enlarged  and  dimin- 
ished. At  inspiration,  the  glottis  opens  and  allows  the  air  to  pass  freely 


Fig.  9G. 


Human  Larynx,  viewed  from  above 
in  ita  ordinary  post-mortem  condition. — a. 
Yocal  chords.  6.  Thyroid  cartilage,  c,  c. 
Arytenoid  cartilages,  o.  Opening  of  the 
glottis. 


Fig.  97. 


b.  Thyroid  cartilage,  c,  c.  Arytenoid  carti- 
lages. o.  Opening  of  the  glottis. 


into  the  trachea ; at  expiration  it  collapses,  and  the  air  is  driven  out 
from  below.  These  movements  are  the  “ respiratory  movements  of  the 
glottis.”  They  correspond  in  every  respect  with  those  of  the  chest,  and 
are  excited  or  retarded  by  similar  causes.  Whenever  the  general  move- 
ments of  respiration  are  hurried,  those  of  the  glottis  become  accelerated 

at  the  same  time ; and  when  the  movements 


Human  Larynx,  posterior 
yiEW.—fl.  Thyroid  cartilage,  b. 
Epiglottis,  c,  c.  Arytenoid  carti- 
lages. d.  Cricoid  cartilage,  e,  e. 
Posterior  crico-arytcnoid  muscles. 
/.  Trachea. 


of  the  chest  are  slower  or  fainter  than 
usual,  those  of  the  glottis  are  diminished 
in  the  same  proportion. 

In  the  respiratory  motions  of  the  glottis, 
as  in  those  of  the  chest,  the  movement  of 
inspiration  is  an  active  one,  and  that  of  ex- 
piration passive.  In  inspiration,  the  glottis 
is  opened  by  contraction  of  the  posterior 
crico-arytenoid  muscles.  These  muscles 
originate  from  the  posterior  surface  of  the 
cricoid  cartilage,  near  the  median  line ; and 
their  fibres,  running  upward  and  outward, 
are  inserted  into  the  external  angles  of  the 
arytenoid  cartilages.  By  the  contraction 
of  these  muscles,  during  the  movement  of 
inspiration,  the  arytenoid  cartilages  are 
rotated  upon  their  articulations,  so  that 
their  anterior  extremities  are  carried  out- 
ward, and  the  vocal  chords  stretched  and 
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separated  from  each  other.  In  this  way,  the  orifice  of  the  glottis  may 
be  nearly  doubled  in  size,  being  increased  from  0.94  to  1.69  square  cen- 
timetre. 

At  the  time  of  expiration,  the  posterior  crico-arytenoid  muscles  are 
relaxed,  and  the  elasticity  of  the  vocal  chords  brings  them  back  to  their 
former  position. 

The  motions  of  respiration  consist,  therefore,  of  two  sets  of  move- 
ments, namely,  those  of  the  chest  and  those  of  the  glottis.  These  move- 
ments, in  the  natural  condition,  correspond  with  each  other  both  in  time 
and  intensity.  It  is  at  the  same  time  and  by  the  same  nervous  influence, 
that  the  chest  expands  to  inhale  the  air,  while  the  glottis  opens  to  admit 
it ; and  in  expiration,  the  muscles  of  both  chest  and  glottis  are  relaxed, 
while  the  elasticity  of  the  tissues  restores  the  parts  to  their  original 
condition. 

Sapidity  of  the  Movements  of  Bespiration. — The  movements  of  res- 
piration in  the  human  subject  follow  each  other  in  general  with  great 
regularity,  and,  according  to  the  results  obtained  from  the  most  exten- 
sive and  varied  observations,  are  performed  on  the  average  with  a 
rapidity  of  20  inspirations  per  minute.  This  rate  varies  considerably 
under  the  influence  of  different  conditions,  one  of  the  most  important  of 
which  is  age.  It  is  well  known  that  respiration,  as  a rule,  is  more  rapid 
in  young  children  than  in  the  adult,  and  Quetelet  has  found,  as  the 
average  of  a large  number  of  observations,  that  in  the  newly  born  infant 
the  rate  is  44  per  minute,  and  at  the  age  of  5 years  26  per  minute ; be- 
coming reduced  to  the  standard  rapidity  of  20  per  minute  between  the 
ages  of  fifteen  and  twenty  j-ears.  Even  in  the  adult,  a condition  of  rest 
or  activity  readily  influences  the  number  of  respirations;  as,  according 
to  the  same  observer,  they  are  less  frequent  during  sleep  than  in  the 
waking  condition.  Even  a difference  in  position  has  been  found  to  have 
a perceptible  effect,  the  number  of  respirations  being,  in  the  same  indi- 
vidual, 19  per  minute  while  lying  down,  and  22  per  minute  when  standing 
up.1  Any  especial  muscular  activity,  as  the  rapid  motion  of  walking 
or  running,  at  once  increases  the  frequency  of  respiration,  which  returns 
to  its  ordinary  regularity  soon  after  the  exertion  has  ceased. 

In  all  cases  the  movements  of  respiration  are  involuntary  in  character, 
and  even  their  acceleration  or  diminution  is  regulated  by  influences 
beyond  our  control.  It  is  possible  for  a short  time  to  increase  or  retard 
the  rate  of  respiration,  within  certain  limits,  by  voluntary  effort;  but 
this  cannot  be  done  continuously.  If  we  intentionally  arrest  or  diminish 
the  respiratory  movements,  after  a short  interval  the  nervous  impulse 
becomes  too  strong  to  be  controlled,  and  the  movements  necessarily 
resume  their  regular  frequency.  If  on  the  other  hand  we  endeavor  to 
breathe  much  more  rapidly  than  twenty  times  per  minute,  the  exertion 
soon  becomes  too  fatiguing  to  be  continued,  and  the  rate  of  movement 
returns  to  its  normal  standard.  The  movements  of  respiration,  accord- 


1 Milne-Edwards,  Lecjona  sur  la  Physiologic.  Paris,  1857,  tome  ii.  p.  483. 
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ingly,  as  they  are  actually  performed,  in  infancy  and  childhood,  during 
sleep,  and  l'or  the  greater  part  of  the  waking  condition,  when  the  atten- 
tion is  not  directed  to  them,  are  purely  automatic  in  character,  like  the 
pulsations  of  the  heart,  and  do  not  require  the  expenditure  of  any 
voluntary  exertion. 

Quantity  of  Air  used  in  Respiration. — Like  all  the  quantitative  esti- 
mates connected  with  respiration,  that  of  the  volume  of  air  habitually 
inspired  and  expired  with  the  breath,  varies  considerably  as  given  by 
different  observers.  The  differences  incident  to  the  different  individuals 
subjected  to  observation,  and  to  the  conditions  of  rest  or  activity,  pre- 
vent our  arriving  at  an  absolutely  invariable  standard.  The  average 
result,  however,  which  most  nearly  conforms  to  the  truth,  as  deiived 
from  several  of  the  most  trustworthy  experimenters,  as  well  as  from 
our  own  observations,  is  that  which  gives  the  amount  of  air  taken  into 
and  expelled  from  the  lungs  with  each  inspiration  and  expiration  as  320 
cubic  centimetres.  It  is  certain  that  this  estimate  is  not  above  the 
reality.  If  we  take,  accordingly,  eighteen  respirations  per  minute  as 
the  mean  rapidity  between  the  sleeping  and  waking  hours,  this  "would 
amount  to  5160  cubic  centimetres  of  inspired  air  per  minute,  345,600 
per  hour,  and  8,294,400  cubic  centimetres,  or  8294.4  litres  per  day.  But 
as  the  breathing  is  increased,  both  in  rapidity  and  extent,  by  every 
muscular  exertion,  the  entire  quantity  of  air  daily  used  in  respiration  is 
not  less  than  10,000  litres,  or  a little  over  350  cubic  feet. 

The  quantity  of  air  daily  used  in  respiration  is  sometimes  employed 
as  a basis  for  calculating  the  air-space  necessary  to  allow  for  each  in- 
mate of  a hospital  or  school-room.  This  estimate  alone,  however,  can 
never  give  sufficient  data  for  the  purpose.  The  successful  ventilation 
of  a room  depends  not  so  much  on  the  quantity  of  air  which  it  contains 
at  any  one  time  as  upon  the  quantity  of  fresh  air  introduced,  and  of 
vitiated  air  expelled,  within  a certain  period.  The  air  of  a small  room 
which  is  thoroughly  ventilated  may  be  amply  sufficient  for  respiration, 
while  that  of  a large  room,  if  allowed  to  remain  stagnant,  will  gradually 
become  unfit  for  use.  A large  air-space,  in  any  occupied  apartment, 
will  render  ventilation  more  easy  of  accomplishment  by  ordinary 
methods,  because  the  air  will  not  be  so  rapidly  vitiated  by  the  same 
number  of  persons  as  if  it  were  in  smaller  volume;  but  the  air  must 
still  be  changed  with  a rapidity  proportionate  to  that  of  its  contamina- 
tion, in  order  to  maintain  the  apartment  in  a wholesome  condition. 

Changes  in  the  Air  by  Respiration. 

The  atmospheric  air,  as  it  is  drawn  into  the  cavity  of  the  lungs,  is  a 
mixture  of  oxygen  and  nitrogen  in  the  proportion,  by  volume,  of  about 
21  parts  of  oxygen  to  1 9 parts  of  nitrogen.  It  also  contains  about  .05 
per  cent,  of  carbonic  acid,  a varying  quantity  of  watery  vapor,  ant 
some  traces  of  ammonia.  The  last  named  ingredients,  so  far  as  animal 
respiration  is  concerned,  arc  quite  insignificant  in  comparison  wit  l ie 
oxygen  and  nitrogen  which  form  the  principal  part  of  its  mass. 
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If  collected  and  examined,  after  passing  through  the  lungs,  the  air  is 
found  to  have  become  altered  in  the  following  particulars : first,  it  has 
lost  oxygen;  secondly,  it  has  gained  carbonic  acid;  and  thirdly,  it  has 
absorbed  the  vapor  of  water.  The  most  important  of  these  changes  are 
its  diminution  in  oxygen  and  its  increase  in  carbonic  acid. 

Diminution  of  Oxygen. — According  to  the  researches  of  Yalentin, 
Yierordt,  Regnault,  and  Reiset,  the  air  loses  during  respiration,  on  an 
average,  five  per  cent,  of  its  volume  of  oxygen.  At  each  inspiration, 
therefore,  about  16  cubic  centimetres  of  oxygen  are  removed  from  the 
air  and  absorbed  by  the  blood ; and,  as  we  have  seen  that  the  daily 
quantity  of  air  used  in  respiration  is  about  10,000  litres,  the  entire  quan- 
tity of  oxygen  thus  consumed  in  twenty-four  hours  is  not  less  than  500 
litres.  This  is,  by  weight,  715  grammes,  or  rather  more  than  one  pound 
and  a half  avoirdupois. 

In  consequence  of  this  diminution  in  oxygen,  air  which  has  once  been 
breathed  is  less  capable,  both  of  supporting  combustion  and  of  serving 
for  respiration,  than  before.  If  an  animal  be  confined  in  a limited  space, 
the  air  becomes  poorer  in  oxygen  as  respiration  goes  on;  and  when  its 
proportion  has  been  reduced  to  a certain  point,  the  animal  dies  by  suf- 
focation, because  the  substance  which  is  essential  to  life  is  no  longer 
present  in  sufficient  quantity.  Different  kinds  of  animals  are  affected  in 
different  degrees  of  intensity  by  a given  diminution  in  the  proportion  of 
atmospheric  oxygen.  Cold-blooded  animals,  in  which  respiration  is 
naturally  a comparatively  slow  process,  may  continue  to  breathe  when 
only  a very  small  quantity  of  oxygen  is  pi'esent;  and  it  has  been  found 
that  electrical  fishes,  as  well  as  slugs  and  snails,  may  continue  respira- 
tion until  they  have  completely  exhausted  the  oxygen  in  the  water  or 
the  air  in  which  they  are  confined.  But  in  species  where  the  respira- 
tion and  circulation  are  carried  on  with  activity,  as  in  birds,  in  quad- 
rupeds, and  in  man,  a partial  reduction  of  the  oxygen  is  sufficient  to 
cause  death.  If  the  carbonic  acid  exhaled  be  absorbed  by  an  alkaline 
solution,  so  that  the  purity  of  the  air  be  maintained,  it  is  found  that 
a sparrow  dies  in  an  hour  when  its  proportion  of  oxygen  has  been 
gradually  reduced  to  15  per  cent.;  and  a mouse  dies  in  five  minutes 
when  the  oxygen  is  reduced  to  10  per  cent.;1  'the  remainder  of  the  air 
in  both  cases  consisting  of  nitrogen.  In  man,  also,  asphyxia  is  almost 
immediately  produced  when  the  proportion  of  oxygen  has  fallen  to  10 
per  cent. 

As  a candle  flame  is  also  extinguished  in  an  atmosphere  deprived  of 
oxygen,  this  is  sometimes  employed  as  a test  to  determine  whether  it 
be  safe  to  enter  an  atmosphere  the  composition  of  which  is  doubtful. 
In  bread-rooms  and  beer-vats,  where  the  process  of  fermentation  has 
been  going  on,  in  old  wells  which  have  been  for  a long  time  closed,  or 
in  any  newly  opened  underground  cavity  or  passage,  the  atmosphere  is 
frequently  so  poor  in  oxygen  that  suffocation  would  at  once  follow  if 

1 Milne-Edwards,  Lcqoiis  sur  la  Physiologic.  Paris,  1857,  tome  ii.  p.  638. 
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they  were  to  be  entered  without  precaution.  A lighted  candle  is  accord- 
ingly first  let  down  into  the  suspected  cavity,  and  if  a sufficient  quantity 
of  oxj'gen  be  present,  it  continues  to  burn ; if  not,  it  is  immediately 
extinguished. 

This  test  is  the  more  valuable,  because  it  is  found  that  the  proportion 
of  oxygen  necessary  to  support  the  combustion  of  a candle  is  a little 
greater  than  that  required  for  the  immediate  continuance  of  respiration. 
A candle  is  extinguished  when  the  air  contains  only  It  per  cent,  of  its 
volume  of  oxygen,  while  a little  less  than  this  may  still  serve  a short 
time  for  respiration.  According  to  Milne-Edwards,  a man  may  still 
keep  up  respiration  in  an  atmosphere  which  is  insufficient  to  support 
combustion ; and  we  have  repeatedly  seen  pigeons  continue  to  breathe, 
though  with  difficulty,  in  air  in  which  a candle  flame  was  immediately 
extinguished. 

Although,  however,  an  atmosphere  containing  from  10  to  IT  per  cent, 
of  oxygen  is  not  immediately  fatal  to  man  by  suffocation,  it  is  still  unfit 
for  continued  breathing.  The  deficiency  is  not  sufficient  to  stop  respira- 
tion at  once,  but  after  a time  its  deleterious  effects  become  manifest, 
and  increase  in  intensity  with  each  repetition.  A complete  renewal  of 
the  deteriorated  atmosphere  is  essential  to  the  perfect  performance  of 
the  respiratory  process. 

The  absorption  of  oxygen  by  different  species  of  animals  varies 
according  to  their  general  state  of  functional  activity ; and  this  differ- 
ence may  be  manifested  even  between  species  belonging  to  the  same 
class.  Thus  it  has  been  found  that  in  the  sparrow  the  amount  of 
oxygen  absorbed,  in  proportion  to  the  weight  of  the  body,  is  ten  times 
as  great  as  in  the  common  fowl ; and  in  a carp  the  quantity  consumed 
in  the  course  of  an  hour  would  hardly  be  sufficient  for  the  respiration 
of  a pigeon  for  a single  minute. 

In  the  same  individual,  also,  a temporary  increase  of  muscular  activity 
augments  in  a marked  degree  the  absorption  of  oxygen  by  the  lungs. 
In  the  human  subject  it  was  found  by  Lavoisier  and  Seguin  that  a man, 
who  in  the  ordinary  quiescent  condition  absorbed  a little  over  19,000 
cubic  centimetres  of  oxygen  per  hour,  consumed  nearly  13,000  cubic 
centimetres  of  the  same  gas  during  fifteen  minutes  of  active  muscular 
exercise;  the  rapidity  of  absorption  being  thus  increased  to  more  than 
2-L  times  its  former  rate.  On  the  other  hand,  the  same  process  is  dimin- 
ished in  activity  during  sleep ; and  in  the  hibernating  animals,  and  in 
insects  which  undergo  transformation,  at  the  time  of  their  most  pro- 
found lethargy  is  reduced  to  a mere  vestige  as  compared  with  its  usual 
activity.  Spallanzani  observed  that  in  insects  the  amount  of  oxygen 
consumed  in  a given  time  by  the  chrysalis  was  far  less  than  that  ab- 
sorbed before  or  afterward  by  the  caterpillar  or  the  butterfly ; and  in 
the  experiments  of  Regnault  and  Reiset  upon  the  marmot,  at  the  com- 
mencement of  the  cold  season,  the  consumption  of  oxygen  by  this 
animal  was  about  500  cubic  centimetres  per  hour  for  every  kilogramme 
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of  bodily  weight,  while  after  hibernation  was  fully  established  it  was 
reduced  to  26  cubic  centimetres  per  kilogramme  per  hour. 

The  absorption  of  oxygen,  accordingly,  in  the  process  of  respiration, 
is  directly  associated,  so  far  as  regards  its  rapidity  and  amount,  with  the 
physiological  activity  of  the  living  organism.  ^ 

Increase  of  Carbonic  Acid.— The  expired  air  usually  contains,  in 
man,  about  4 per  cent,  of  its  volume  of  carbonic  acid,  which  it  has  ab- 
sorbed in  its  passage  through  the  lungs.  Rather  less  than  13  cubic 
centimetres  of  this  gas  are  accordingly  given  off  with  each  ordinary 
expiration ; and  as  we  have  found  that  10,000  litres  of  air  are  habitually 
inhaled  and  discharged  during  twenty-four  hours,  this  will  give  400 
litres  of  carbonic  acid  as  the  amount  expired  per  day.  This  quantity 
is,  by  weight,  186  grammes,  or  rather  less  than  one  pound  and  three- 
quarters  avoirdupois. 

The  rate  of  exhalation  of  carbonic  acid  by  respiration  varies  in  the 
same  manner  and  according  to  the  same  conditions  as  the  absorption 
of  oxygen.  In  a general  way  it  may  be  said,  as  the  result  of  many 
trustworthy  observations,  both  in  animals  and  man,  that  the  quantity 
of  carbonic  acid  exhaled  during  a given  time,  in  proportion  to  the  weight 
of  the  body,  is  increased  by  muscular  exertion  or  by  any  physiological 
activity  of  the  system,  and  is  diminished  by  quietude,  during  sleep,  and 
in  a state  of  inanition. 

These  facts  have  been  established  more  particularly  for  the  human 
subject,  in  a special  series  of  investigations  by  Prof.  Scharling,1  who 
found  that  the  quantity  of  carbonic  acid  exhaled  was  greater  during 
digestion  than  in  the  fasting  condition.  It  was  greater  in  the  waking 
state  than  during  sleep ; and  in  a state  of  activity  than  in  one  of  repose. 
It  was  diminished  by  fatigue,  and  by  most  conditions  which  interfere 
with  perfect  health. 

It  is  also  known  that  in  man  the  habitual  rate  of  exhalation  varies 
according  to  age,  sex,  constitution,  and  development.  These  variations 
were  very  fully  investigated  by  Andral  and  Gavarret,  who  found  them 
to  be  very  marked  in  different  individuals,  notwithstanding  that  the 
experiments  were  made  at  the  same  period  of  the  day,  and  with  the 
subject  as  nearly  as  possible  in  the  same  condition.  Thus  they  found 
that  the  quantity  of  carbonic  acid  exhaled  per  hour  in  five  different  per- 
sons was  as  follows : 


Quantity  op  Carbonic  Acid  per  hour. 


In  subject  No.  1 
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19,770  cubic  centimetres. 
15,888  “ 

20,475  “ 

20,475  “ 

26,060  “ 


With  regard  to  the  difference  produced  by  age,  it  was  found  that  from 
the  period  of  eight  years  up  to  puberty  the  quantity  of  carbonic  acid 


1 Annales  de  Chimie  et  de  Physique.  Paris,  1843,  tome  viii.  p.  490. 
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increases  constantly  with  the  age.  Thus  a boy  of  eight  years  exhales, 
on  the  average,  9238  cubic  centimetres  per  hour;  while  a boy  of  fifteen 
years  exhales  16,168  cubic  centimetres  in  the  same  time.  Boys  exhale 
during  this  period  more  carbonic  acid  than  girls  of  the  same  age.  In 
males  this  augmentation  of  the  quantity  of  carbonic  acid  continues 
till  the  twenty-fifth  or  thirtieth  year,  when  it  reaches,  on  the  average, 
22,899  cubic  centimetres  per  hour.  Its  quantity  then  remains  stationary 
for  ten  or  fifteen  years ; then  diminishes  slightly  from  the  fortieth  to 
the  sixtieth  year ; and  after  sixty  years  diminishes  in  a marked  degree, 
so  that  it  may  fall  as  low  as  11,000  cubic  centimetres.  In  one  superan- 
nuated person,  102  years  of  age,  Andral  and  Gavarret  found  the  hourly 
quantity  of  carbonic  acid  to  be  less  than  11,000  cubic  centimetres. 

in  women,  the  increase  of  carbonic  acid  ceases  at  the  period  of 
puberty;  and  its  production  then  remains  constant  until  the  cessation 
of  menstruation,  about  the  fortieth  or  forty-fifth  year.  At  that  time  it 
increases  again  until  after  fifty  years,  when  it  subsequently  diminishes 
with  the  approach  of  old  age,  as  in  men.  Pregnancy,  occurring  at  any 
time  in  the  above  period,  produces  a temporary  increase  in  the  quantity 
of  carbonic  acid. 

The  strength  of  the  constitution,  and  particularly  the  development  of 
the  muscular  system,  was  found  to  have  a great  influence  in  this  respect. 
The  largest  production  of  carbonic  acid  observed  was  in  a young  man, 
26  years  of  age,  whose  frame  presented  a remarkably  vigorous  and 
athletic  development,  and  who  exhaled  26,060  cubic  centimetres  per 
hour.  On  the  other  hand,  an  unusually  large  skeleton,  or  an  abundant 
deposit  of  adipose  tissue,  is  not  accompanied  by  any  similar  increase  of 
the  carbonic  acid. 

Andral  and  Gavarret  sum  up  the  results  of  their  investigation  as 
follows  : 

1.  The  quantity  of  carbonic  acid  exhaled  from  the  lungs  in  a given 
time  varies  with  the  age,  the  sex,  and  the  constitution  of  the  subject. 

2.  In  the  male,  as  well  as  in  the  female,  the  quantity  of  carbonic  acid 
varies  according  to  age. 

3.  During  all  periods'  of  life,  the  male  and  female  may  be  distinguished 
by  the  different  quantities  of  carbonic  acid  exhaled  in  a given  time. 
Other  things  being  equal,  the  male  exhales  a larger  quantity  than  the 
female.  This  difference  is  particularly  marked  between  the  ages  of  16 
and  40  years,  during  which  period  the  male  usually  exhales  twice  as 
much  carbonic  acid  as  the  female. 

4.  In  the  male,  the  quantity  of  carbonic  acid  increases  constantly  from 
eio-ht  to  thirty  years ; and  the  rate  of  this  increase  undergoes  a rapid 
augmentation  at  the  period  of  puberty.  Beyond  forty  years  the  exha- 
lation of  carbonic  acid  begins  to  decrease,  and  its  diminution  is  more 
marked  as  the  individual  approaches  extreme  old  age,  so  that  near  the 
termination  of  life,  the  quantity  of  carbonic  acid  produced  may  be  no 

greater  than  at  the  age  of  ten  years. 

5.  In  the  female,  the  exhalation  of  carbonic  acid  increases  according 
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to  the  same  law  as  in  the  male,  from  the  age  of  eight  years  until  puberty. 
But  at  the  period  of  puberty,  at  the  appearance  of  menstruation,  the 
exhalation  ceases  to  increase ; and  it  afterward  remains  stationary  so 
long  as  the  menstrual  periods  recur  with  regularity.  At  the  cessation 
of  the  menses,  the  quantity  of  carbonic  acid  increases  in  a notable 
manner ; then  it  decreases  again,  as  in  the  male,  toward  old  age. 

6.  During  the  whole  period  of  pregnancy,  the  exhalation  of  carbonic 
acid  rises,  for  the  time,  to  the  same  standard  as  in  women  whose  menses 
have  ceased. 

7.  In  both  sexes,  and  at  all  ages,  the  quantity  of  carbonic  acid  is 
greater,  as  the  constitution  is  stronger  and  the  muscular  system  moie 
fully  developed. 

The  process  of  respiration  is  not  altogether  confined  to  the  lungs, 
but  the  discharge  of  carbonic  acid  takes  place  also,  to  a slight  extent, 
both  by  the  urine  and  the  perspiration.  Morin1  has  found  that  the 
urine  always  contains  gases  in  solution,  of  which  carbonic  acid  is  con- 
siderably the  most  abundant.  The  mean  result  of  fifteen  observations 
showed  that  urine  excreted  during  the  night  contains  about  1.96  per 
cent,  of  its  volume  of  carbonic  acid.  During  the  day  the  quantity  of 
this  gas  contained  in  the  urine  varied  considerably,  according  to  the 
condition  of  muscular  repose  or  activity;  since  after  remaining  quiet  for 
an  hour  or  two,  it  was  only  1.19  per  cent,  of  the  volume  of  the  urine, 
while  after  continued  exertion  for  the  same  space  of  time,  not  only  was 
the  urine  augmented  in  quantity,  but  the  proportion  of  carbonic  acid 
contained  in  it  was  nearly  doubled,  amounting  to  2.29  per  cent,  of  its 
volume. 

An  equal  or  even  greater  activity  of  gaseous  exhalation  takes  place 
by  the  skin.  It  has  been  found,  by  inclosing  one  of  the  limbs  in  an  air- 
tight case,  that  the  air  in  which  it  is  confined  loses  oxygen  and  gains 
carbonic  acid.  From  an  experiment  of  this  sort,  Prof.  Scharling  esti- 
mated that  the  carbonic  acid  given  off  from  the  whole  cutaneous  surface, 
in  man,  is  from  one-sixtieth  to  one-thirtieth  of  that  discharged  during 
the  same  period  from  the  lungs.  In  the  more  recent  and  complete  obser- 
vations of  Aubert  upon  this  subject,  the  whole  body  without  clothing 
was  confined  in  an  air-tight  case,  leaving  only  the  head  exposed.  A 
continuous  ventilation  of  the  space  was  kept  up  during  the  course 
of  the  experiment  with  air  free  from  carbonic  acid,  while  the  carbonic 
acid  exhaled  from  the  surface  of  the  body  was  absorbed  by  baryta- 
water.  Each  observation  lasted  for  two  hours,  and  the  average  result 
obtained  was  that,  for  the  entire  day  of  twenty-four  hours,  198  cubic 
centimetres  of  carbonic  acid  were  exhaled  from  the  skin ; a quantity 
representing  rather  less  than  0.5  per  cent,  of  that  given  off  by  the  lungs 
in  the  same  time. 

In  the  amphibious  reptiles,  as  frogs,  newts,  and  salamanders,  which 

1 Recherches  sur  les  Gaz  fibres  de  l’Uriue.  Journal  de  Pkarmacie  et  de  Cbimie. 
Paris,  1864,  tome  xlv.  p.  396. 
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bl'eathe  by  lungs,  and  yet  can  remain  under  water  for  a considerable 
time,  the  thin,  moist,  and  flexible  integument  takes  a still  more  active 
part  in  the  process  of  respiration.  The  skin  in  these  animals  is  covered, 
not  with  dry  cuticle,  but  with  a delicate  layer  of  epithelium.  It  accord- 
ingly presents  all  the  conditions  necessary  for  the  accomplishment  of 
respiration ; and  while  the  animal  remains  beneath  the  surface  of  the 
water,  though  the  lungs  are  in  a state  of  comparative  inactivity,  the 
exhalation  and  absorption  of  gases  continue  to  take  place  through  the 
skin,  and  respiration  goes  on  without  interruption. 

Relation  between  the  Oxygen  absorbed  in  respiration  and  the  Car- 
bonic Acid  given  off. — It  has  been  seen  that,  in  the  human  subject,  with 
each  respiration,  on  the  average,  16  cubic  centimetres  of  oxygen  are 
taken  into  the  system  by  absorption,  and  13  cubic  centimetres  of  car- 
bonic acid  given  off.  As  the  oxygen  thus  taken  in  weighs  rather  less 
than  .023  gramme,  while  the  carbonic  acid  discharged  weighs  .025 
gramme,  it  is  evident  that  the  gross  result  of  the  process  is  a loss  of 
weight  to  the  system,  and  this  loss  of  substance  by  continued  respira- 
tion amounts  on  the  average  to  a little  over  10  grammes  per  day.  This 
is  one  of  the  most  important  facts  connected  with  the  physiology  of 
respiration.  It  shows  that  this  function  is  carried  on  at  the  expense  of 
the  substance  of  the  animal  body,  since  the  oxygen  and  carbon  dis- 
charged under  the  form  of  carbonic  acid,  weigh  more  than  the  oxygen 
which  is  absorbed  in  a free  state.  This  difference  in  quantity  must 
accordingly  be  supplied  in  some  way  by  the  ingredients  of  the  food; 
and  if  this  be  withheld,  the  progress  of  respiration  alone  will  be  suffi- 
cient to  diminish  gradually  the  weight  of  the  body,  and  to  bring  it  to  a 
state  of  more  or  less  complete  emaciation. 

If  we  endeavor  to  ascertain  what  becomes  of  the  oxygen  itself,  it  is 
found  that  the  quantity  of  this  gas  which  disappears  from  the  inspired 
air  is  not  entirely  replaced  in  the  carbonic  acid  exhaled;  that  is,  there 
is  less  oxygen  in  the  carbonic  acid  which  is  returned  to  the  air  by  expi- 
ration than  has  been  lost  by  it  during  inspiration. 

The  proportion  of  oxygen  which  disappears  in  the  interior  of  the 
body,  over  and  above  that  returned  in  the  breath  under  the  form  of 
carbonic  acid,  varies  in  different  kinds  of  animals.  In  the  lierbivora  it 
is  about  10  per  cent,  of  the  w'hole  amount  of  oxygen  inspired;  in  the 
carnivora,  20  or  25  per  cent.;  and  even  in  the  same  animal,  the  propor- 
tion of  oxygen  absorbed,  to  that  of  carbonic  acid  exhaled,  varies  accord- 
ing to  the  kind  of  food  upon  which  he  subsists.  In  dogs,  while  fed  on 
meat,  according  to  the  experiments  of  Begnault  and  Keiset,'  25  per 
cent,  of  the  inspired  oxygen  disappeared  in  the  body  of  the  animal ; 
but  when  fed  on  starchy  substances,*  all  but  8 per  cent,  reappeared  in 
the  expired  carbonic  acid.  Under  some  circumstances,  a difference  may 
show  itself  in  the  opposite  direction ; that  is,  more  oxygen  may  be  con- 
tained in  the  carbonic  acid  exhaled  than  is  absorbed  in  a free  state  from 

1 Annales  de  Ckimie  et  de  Physique,  tome  xxvi.  p.  428. 
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the  atmosphere.  In  some  of  the  experiments  of  Regnault  and  Reiset,1 
t here  rabbits  and  fowls  had  been  fed  exclusively  upon  bread  and  gram 
the  proportion  of  oxygen  in  the  expired  carbonic  acid  was  101  01  102 
per  cent,  of  that  taken  in  by  respiration ; and  even  in  the  human  su 
ect  according  to  the  observations  of  Doyere,  the  quantity  of  oxygen 
elTmCtted  by  the  breath  as  carbonic  acid,  may  be  considerably  greater 
“t  absorbed.  Bat,  a,  a general  rule  it  is  tire  = 
tity  of  oxygen  which  is  not  to  be  accounted  for  in  the  “Pued  '“ 
acid  being  habitually  greater  in  the  carnivorous  annuals  than 

h“bhlse  facts  have  been  established  by  direct  observation  and  without 
a, rv  reference  to  the  supposed  manner  in  which  the  ‘eternal  changes  of 
respiration  take  place.  Nevertheless,  they  are  susceptible  ot  * ' 

an  explanation  that  there  can  be  little  doubt  as  to  their  significance. 
The  simplest  case  for  examination  would  be  that  of  an  herbivoious  ani- 
mal living  exclusively  upon  the  carbo-hydrates,  as  starch  or  sugar. 
Since  these  substances,  as  their  name  implies,  already  contain  hydrogen 
and  oxygen  in  the  proportions  to  form  water,  any  further  oxidation 
which  they  undergo  must  result  in  the  production  of  carbonic i acid , 
and  in  this  case  exactly  the  same  quantity  of  oxygen  as  that  taken 
must  necessarily  be  returned  to  the  atmosphere  as  a constituent  ot  t 
carbonic  acid  exhaled  ; the  remainder  of  the  substance  being  separated 
from  its  combinations  in  the  form  of  water.  This  process  is  represented 
in  the  following  formula : 


Starch.  Carbonic  acid.  Water. 

cgh10o3  + o12  = cu012  + n10o5. 

In  an  animal  supported  upon  this  food,  therefore,  the  whole  of  the 
oxyo-en  taken  in  by  respiration  would  reappear  m the  expired  caibomc 
acid?  But  in  an.  animal  feeding  also  upon  fatty  substances,  the  propoi- 
tions  would  be  changed.  As  these  matters  no  longer  contain  oxygen 
in  the  requisite  quantity  to  form  water  with  the  hydrogen  present,  more 
oxygen  must  be  taken  in  with  the  breath  than  is  sufficient  to  unite  with 
the  carbon  under  the  form  of  carbonic  acid  ; and  consequently  a portion 
of  it  will  disappear  from  the  gaseous  products  of  respiration,  lhe 
change  in  this  instance  is  as  follows. 

Oleine.  r Carbonic  acid.  Water. 

CsAioA  -+-  O100  = c57olu  + iiioA, 

In  effecting,  therefore,  the  complete  disappearance  of  a fatty  sub- 
stance, 160  parts  of  oxygen  will  be  absorbed,  and  only  114  parts  re- 
turned in  the  form  of  carbonic  acid.  This  will  also  take  place  where 
albuminous  matters  are  used  as  food,  since  it  is  known  that  all  the 
nitrogen  of  these  substances  is  expelled  from  the  body  under  the  form 
of  urea ; and  after  the  separation  of  urea  from  albumen,  a body  must  be 
left  which  is  analogous  in  composition  to  fat ; that  is,  which  contains 


1 Annalcs  de  Chiraie  et  de  Physique,  tome  xxvi.  pp.  409-451. 
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less  oxygen  than  would  be  required  to  convert  all  its  hydrogen  into 
water. 

It  is  no  doubt  for  these  reasons  that,  in  herbivorous  animals,  feeding 
largely  on  the  carbohydrates,  the  quantity  of  oxygen  exhaled  in  the 
carbonic  acid  should  be  nearly  equal  to  that  taken  in  with  the  breath  ; 
while  in  the  carnivora,  which  consume  only  fats  and  albuminous  matters, 
a larger  proportion  of  oxygen  should  disappear  from  the  products  of 
I respiration. 

Finally,  some  kinds  of  vegetable  food,  as  fruits  and  green  tissues, 
contain  certain  substances  in  which  the  oxygen  is  more  than  sufficient 
to  form  water  with  the  hydrogen  present.  Such  are  the  salts  of  vegeta- 
ble acids,  like  oxalic,  citric,  gallic,  malic,  and  tartaric  acid.  The  result 
of  the  internal  consumption  of  tartaric  acid,  for  example,  would  be  as 
follows  • 

Tartario  acid.  Carbonio  acid.  Water. 

c,H6o6  + o5  = CA  + h0o3. 

In  this  instance  more  oxygen  will  be  exhaled,  in  the  carbonic  acid 
produced,  than  was  absorbed  from  the  atmosphere;  because  a super- 
abundance already  existed  in  the  material  used  as  food. 

The  relative  proportions  of  oxygen  and  carbonic  acid,  absorbed  and 
expired  in  respiration,  will  therefore  vary,  as  has  been  well  shown  by 
Mayer,1  not  only  with  the  nature  of  the  food,  but  also  according  to  the 
transformations,  in  the  interior  of  the  living  organism,  of  one  nutritive 
substance  into  another,  as  of  a carbohydrate  into  a fat,  or  of  either  into 
an  organic  acid.  In  the  fermentation  of  a saccharine  solution  there  is 
even  an  elimination  of  carbonic  acid  without  the  absorption  of  any 
oxygen  whatever ; this  process  being  one,  not  of  direct  oxidation,  but 
of  the  rearrangement  of  the  elements  already  present  in  the  sugar,  a 
portion  of  them  being  exhaled  as  carbonic  acid,  while  the  rest  remain 
behind  in  the  form  of  alcohol. 

In  the  animal  body  the  function  of  respiration  consists,  first  in  the 
absorption  of  oxygen,  and  secondly  in  the  exhalation  of  carbonic  acid. 
It  is  evidently,  therefore,  so  far  as  its  consequences  are  concerned,  an 
act  of  oxidation.  But  the  elements  of  the  food  are  in  no  case  subjected 
to  immediate  oxidation.  They  are  digested  in  the  alimentary  canal  and 
taken  up  into  the  circulating  fluid  under  other  forms  of  organic  com- 
bination. These  undergo  still  further  transformations,  both  in  the  blood 
and  in  the  tissues,  passing  through  a series  of  successive  metamorphoses, 
until  they  finally  leave  the  body,  principally  under  the  forms  of  urea, 
carbonic  acid,  and  water.  Oxidation,  accordingly,  as  it  occurs  in  the 
living  body,  is  not  so  much  the  immediate  process  as  the  result  of  the 
vital  operations,  and  is  very  different  from  the  direct  combustion  of 
hydrocarbonaceous  matters  in  the  atmosphere. 

Exhalation  of  Watery  Vapor  in  Respiration. — The  watery  vapor, 
exhaled  with  the  breath,  is  given  off  by  the  pulmonary  mucous  rneui- 

1 Lebrbuck  der  Agrikultur-Ckemie.  Heidelberg.  1871,  p.  101. 
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brane,  by  which  it  is  absorbed  from  the  blood.  At  ordinary  tempera- 
tures it  is  transparent  and  invisible ; but  in  cold  weather  it  becomes 
partly  condensed  on  leaving  the  lungs,  and  appeal’s  under  the  form  of  a 
cloudy  vapor  in  the  breath.  According  to  the  researches  of  Valentin, 
the  average  quantity  of  water  exhaled  from  the  lungs  is  about  500 
grammes  per  day. 

The  exhalation  of  watery  vapor  by  the  lungs  is  a purely  physical 
process,  dependent  upon  the  moist  and  permeable  structure  of  the  pul- 
monary mucous  membrane  and  the  volatility  of  the  watery  fluid,  by 
which  it  necessarily  becomes  vaporized  under  the  requisite  conditions 
of  temperature  at  the  ordinary  pressure  of  the  atmosphere.  Any  moist 
animal  membrane,  after  death  as  well  as  during  life,  loses  water  by 
evaporation  and  thus  becomes  gradually  desiccated.  Experiments  upon 
recently  killed  frogs  have  shown  that  the  spontaneous  desiccation  goes 
on  rapidly  at  first,  and  afterward  more  slowly,  as  the  proportion  of  water 
contained  in  the  tissues  becomes  diminished.  In  the  lungs  of  a warm- 
blooded animal  during  life  all  the  requisite  conditions  are  present  for 
rapid  and  continuous  evaporation,  namely,  a moderately  elevated  tem- 
perature, a constant  renewal  of  atmospheric  air  by  the  movements  of 
respiration,  and  a continuous  supply  of  fresh  moisture  to  the  pulmonary 
membrane  by  the  blood  circulating  in  its  vessels.  The  quantity  of 
watery  vapor  exhaled  by  the  lungs  in  a given  time  is  therefore  increased 
or  diminished  by  corresponding  changes  in  the  rapidity  of  respiration, 
by  greater  dryness  or  humidity  of  the  atmosphere,  and  by  increase  or 
diminution  of  the  pulmonary  circulation. 

In  some  species  of  animals,  as  in  the  dog,  where  the  integument  is 
comparatively  destitute  of  perspiratory  glands,  the  pulmonary  trans- 
piration becomes  much  more  active ; and  it  is  not  uncommon  to  see 
these  animals,  in  hot  weather,  lying  at  rest  with  their  tongues  protruded, 
and  the  movements  of  respiration  doubled  or  trebled  in  frequencjq  for 
the  purpose  of  increasing  the  watery  exhalation  from  the  lungs. 

In  the  human  subject  the  precise  physiological  value  of  the  pulmonary 
transpiration  is  not  known.  Though  subject  to  fluctuations  according 
to  variation  in  the  physical  conditions  above  mentioned,  it  is  a continu- 
ous process,  and  even  at  ordinary  temperatures  the  expired  breath 
directed  upon  a polished  glass  or  metallic  surface  will  always  produce 
an  immediate  dimness  by  the  condensation  of  its  watery  vapor.  It  is 
very  possible  that  the  vapor  thus  exhaled,  beside  being  complementary 
to  the  perspiration  by  the  skin,  may  serve  as  a vehicle  for  the  discharge 
of  certain  other  substances  from  the  pulmonary  cavity. 

Exhalation  of  Organic  Matter  by  the  Breath. — Beside  carbonic  acid 
and  water,  the  expired  air  also  contains  a small  amount  of  an  organic 
ingredient,  which  communicates  a faint  but  perceptible  odor  to  the 
breath.  This  substance  is  discharged  in  the  vaporous  form,  probably 
entangled  in  the  watery  vapor  exhaled  by  respiration.  Under  ordinary 
circumstances  it  is  present  in  so  small  a quantity  as  to  be  hardly  notice- 
able ; but  if  a large  number  of  persons  be  confined  in  a small  apartment 
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with  insufficient  ventilation,  the  organic  matter  accumulates  in  the 
atmosphere,  and  after  a few  hours  its  odor  becomes  exceedingly  offen- 
sive. According  to  Carpenter,  if  the  fluid  condensed  from  the  expired 
air  be  kept  in  a closed  vessel  at  ordinary  temperatures,  a putrescent 
odor  is  after  a time  exhaled,  which  could  only  come  from  some  organic 
substance  in  a state  of  decomposition. 

When  perfectly  fresh  and  in  the  healthy  condition,  the  organic  in- 
gredient of  the  expired  breath  is  not  offensive  and  appears  to  have  no 
unwholesome  qualities.  It  is  only  when  accumulated  in  undue  quantity, 
and  allowed  to  stagnate  in  the  atmosphere,  that  its  disagreeable  properties 
become  manifest.  It  appears  to  be  distinct  in  character  for  each  species 
of  animal,  and  it  is  liable  to  be  absorbed  and  retained  for  a time  by  any 
porous  material,  as  wood,  rough  plaster,  or  woven  fabrics.  It  is  easy 
to  distinguish  by  its  odor  the  breath  of  cattle  from  that  of  sheep  or 
swine,  and  the  odor  remains  perceptible  in  any  small  inclosure  or  trans- 
portation-car in  which  these  animals  have  been  recently  confined.  The 
organic  ingredient  of  the  expired  air  which  communicates  these  quali- 
ties to  the  breath  has  not  been  isolated  in  sufficient  quantity  to  deter- 
mine its  exact  composition. 

Vitiation  of  the  Air  by  Continued  Respiration. — From  what  has  pre- 
ceded it  is  seen  that  the  air,  after  being  exhaled  from  the  lungs,  has 
become  altered  in  its  constitution  by  diminution  of  its  oxj'gen  and  the 
addition  of  certain  other  materials  derived  from  the  breath.  Under 
ordinary  conditions,  this  deteriorated  air  is  at  once  diffused  in  the  sur- 
rounding atmosphere,  rising  to  a higher  level  on  account  of  its  increased 
temperature,  and  being  readily  dispersed  by  the  aerial  currents  which 
are  always  more  or  less  in  motion  ; so  that  a fresh  supply  of  air,  with 
its  normal  constitution,  is  taken  into  the  lungs  with  each  successive 
inspiration.  But  when  breathing  is  carried  on  in  a confined  space,  the 
air  necessaril3'  becomes  vitiated ; and  this  effect  is  produced  with  rapidity 
in  proportion  to  the  small  extent  of  the  air  space  and  the  number  of 
men  or  animals  confined  in  it. 

This  vitiation  of  the  atmosphere  by  respiration  is  accordingly  the 
result  of  several  different  changes  taking  place  at  the  same  time,  and  its 
effects  are  a combination  of  those  due  to  all  these  alterations. 

So  far  as  regards  immediate  danger  to  life,  the  diminution  of  oxygen 
is  no  doubt  the  most  important  change  in  the  vitiated  air,  when  carried 
to  a sufficient  extent.  We  have  already  seen  that  for  man  and  the 
mammalians,  the  air  is  completely  irrespirable  when  its  proportion  of 
oxygen  is  diminished  to  10  per  cent.  In  these  experiments,  however, 
the  carbonic  acid  exhaled  was  removed,  as  fast  as  produced,  by  the 
action  of  an  alkaline  solution,  so  that  the  air  was  retained  in  a state  of 
purity  except  for  its  loss  of  oxygen.  In  the  experiments  of  Leblanc,  a 
dog  and  a pigeon,  breathing  in  a confined  space,  were  both  reduced  to 
extremities  when  the  air  still  contained  16, per  cent,  of  oxygen  but  was 
also  contaminated  with  30  per  cent,  of  carbonic  acid.  The  different 
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modifications  of  the  atmosphere  in  respiration,  therefore,  react  upon 
each  other  and  combine  to  produce  a common  result. 

The  second  element  in  the  vitiation  of  the  respired  air  is  that  due  to 
the  presence  of  carbonic  acid.  The  effect  of  this  gas,  as  produced  by 
respiration,  cannot  be  ascertained  from  that  of  an  atmosphere  consisting 
of  carbonic  acid  alone.  A man  or  an  animal,  introduced  suddenly  into 
an  atmosphere  of  pure  carbonic  acid,  as  sometimes  happens  in  beer-vats 
and  old  wells,  dies  at  once  by  suffocation.  But  this  result  is  not  due  to 
the  influence  of  carbonic  acid.  It  is  simply  the  consequence  of  the 
absence  of  oxygen;  and  death  would  take  place  as  promptly,  in  the 
warm-blooded  animals,  by  exposure  to  an  atmosphere  of  pure  nitrogen 
or  any  other  indifferent  gas.  It  may  be  said  that,  as  a general  ride,  for 
birds  and  small  mammalians,  the  atmosphere  becomes  incapable  of 
supporting  life  when,  in  addition  to  its  normal  proportion  of  oxygen,  it 
contains  20  per  cent,  of  its  volume  of  carbonic  acid ; that  is,  five  times 
as  much  as  is  present,  in  man,  in  the  expired  breath.  But  Regnault 
and  Reiset  found  that  dogs  and  rabbits  could  continue  to  breathe  with- 
out difficulty  in  an  atmosphere  containing  even  23  per  cent  of  carbonic 
acid,  provided  its  proportion  of  oxygen  were  at  the  same  time  increased 
to  30  or  40  per  cent.  Thus  a part  at  least  of  the  influence  of  carbonic 
acid,  when  present  exclusively  or  in  large  quantity  in  the  atmosphere, 
is  evidently  due  to  its  physical  action  in  excluding  or  interfering  with 
the  absorption  of  oxygen. 

When  pure  carbonic  acid  is  gradually  mingled  with  atmospheric 
air,  its  immediate  effects  are  not  so  fatal  as  they  have  sometimes  been 
represented.  If  a pigeon  be  confined  in  a glass  receiver  with  a wide 
open  mouth,  and  carbonic  acid  be  introduced  through  a tube  placed  just 
within  the  edge  of  the  vessel,  so  that  it  will  not  completely  displace  the 
air  but  gradually  mingle  with  it,  its  effect  is  to  produce  a rapid  and 
laborious  respiration,  gradually  increasing  in  intensity ; and  in  a few 
moments  the  pigeon  falls  in  a state  of  complete  insensibility.  But  if 
the  glass  receiver  be  removed  and  fresh  air  allowed  access,  the  insen- 
sibility rapidly  passes  off,  and  in  a few  moments  longer  the  animal  is 
again  breathing  in  a natural  manner,  without  having  suffered  any  per- 
ceptible permanent  injury.  The  effect  of  carbonic  acid  alone,  thus 
mingled  with  the  atmosphere,  is  very  similar  to  that  of  an  anaesthetic 
vapor,  like  ether  or  chloroform,  with  the  addition  of  strong  symptoms 
of  dyspnoea. 

There  is  evidence  that  in  man  the  immediate  effects  of  carbonic  acid 
in  respiration  are  of  a similar  nature.  From  personal  experiments  upon 
this  subject  we  have  found  that  the  inhalation  of  pure  carbonic  acid 
from  a gasometer  is  at  first  extremely  difficult,  owing  to  the  stimulant 
effect  of  the  gas  upon  the  mucous  membrane  of  the  larynx,  which  pro- 
duces a spasmodic  stricture  of  the  glottis.  If  the  gas,  however,  be 
allowed  to  remain  in  contact  with  the  mucous  membrane  for  a short 
time,  this  effect  passes  off,  the  glottis  may  be  gently  opened,  and  the 
carbonic  acid  drawn  into  the  lungs,  by  a full,  deep  inspiration,  to  the 
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amount  of  from  800  to  1200  cubic  centimetres.  At  first  it  produces  in 
the  chest  only  a sensation  of  warmth  and  moderate  stimulus.  But  at 
the  end  of  two  or  three  seconds  there  comes  on  very  suddenly  a sense 
of  extreme  dyspnoea,  with  rapid  and  laborious  respiration,  accompanied 
immediately  by  dimness  of  vision,  slight  confusion  of  mind,  and  partial 
insensibility,  all  of  which  are  soon  terminated,  as  respiration  returns  to 
its  normal  condition,  leaving  only  a feeling  of  quietude  and  tendency  to 
sleep. 

Notwithstanding,  however,  the  intense  feeling  of  dyspnoea  produced 
by  such  an  inhalation  of  pure  carbonic  acid,  the  external  signs  of  actual 
suffocation  are  very  slight,  and  bear  no  proportion  to  the  severity  of 
the  sensations.  They  are  confined  to  a little  suffusion  of  the  face  with 
partial  lividity  of  the  lips  ; and  the  pulse  is  but  little  if  at  all  affected. 

A mixture  of  carbonic  acid  and  atmospheric  air  in  equal  volumes  pro- 
duces a perceptible  feeling  of  warmth  and  pungency  at  the  glottis,  but 
may  still  be  readily  drawn  into  the  lungs.  After  two  or  three  deep 
inspirations,  the  strong  sense  of  want  of  air,  and  the  access  of  rapid  and 
laborious  respiration,  come  on  as  before.  The  dyspnoea,  suffusion  of 
the  face,  and  lividity  are  all  less  marked  than  after  breathing  pure 
carbonic  acid,  but  the  subsequent  condition  of  quiescence  and  partial 
anaesthesia  is  more  decided  and  of  longer  continuance. 

A mixture  of  one  volume  of  carbonic  acid  with  three  volumes  of 
atmospheric  air  may  be  inspired  without  difficulty,  producing  a rather 
agreeable  sensation  by  contact  with  the  lungs.  After  about  3000  cubic 
centimetres  have  been  inhaled  in  successive  inspirations,  a sense  of 
dyspnoea  comes  on,  which  however  is  not  particularly  increased  by  con- 
tinuing the  inspiration  of  the  mixture  to  6000  cubic  centimetres.  The 
nervous  symptoms  produced  are  moderate  in  degree,  but  similar  to  the 
preceding. 

On  the  other  hand,  pure  nitrogen  has  no  taste  or  odor,  nor  does  it 
have  any  stimulating  effect  on  the  mucous  membrane.  It  may  be  inspired 
from  the  gasometer  to  the  amount  of  6000  cubic  centimetres,  without 
producing  any  sense  of  dyspnoea,  or  any  perceptible  effect  on  the  nervous 
system. 

These  results  indicate  that  the  presence  of  carbonic  acid  in  the  lungs 
acts  as  a stimulus  to  respiration  by  causing  a sense  of  the  want  of  air; 
and  that  furthermore  its  principal  toxic  effect,  when  in  abnormal  quan- 
tity, is  that  of  producing  more  or  less  insensibility  or  anaesthesia.  The 
sense  of  drowsiness  and  inattention  experienced  by  an  audience  in  an 
imperfectly  ventilated  lecture-room  or  theatre  is  probably  due  to  this 
cause,  especially  as  the  burning  gas-lights  are  at  the  same  time  contribu- 
ting to  the  formation  of  carbonic  acid.  The  temporary  nature  of  these 
sensations,  and  their  immediate  relief  on  coming  into  the  open  air,  are 
matters  of  common  observation. 

The  third  element  in  the  vitiation  of  air  by  the  breath  is  the  accumu- 
lation of  its  organic  vapor.  This  is  the  least  understood,  but  probably 
the  most  deleterious  ingredient  of  the  atmosphere  produced  by  respira- 
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tiou  in  a crowded  and  ill-ventilated  apartment.  It  is  this  which  causes 
the  offensive  odor  and  the  sense  of  oppression  on  entering  any  confined 
space,  where  too  great  a number  of  persons  have  remained  for  a time 
without  sufficient  renewal  of  the  air.  It  is  most  marked  when  such  con- 
tinued respiration  and  neglect  of  ventilation  have  been  going  on  o\er 
night,  as  in  a crowded  dormitory  or  sleeping-car;  since  the  organic 
emanations  have  then  had  time  not  only  to  accumulate  but  also  to  pass 
into  a state  of  incipient  decomposition.  They  are  then  in  the  condition 
in  which  they  belong  to  the  class  of  animal  poisons ; and  there  is  leason 
to  believe  that,  once  introduced  into  the  system,  they  may  cause  dis- 
turbances which  last  for  a considerable  time.  It  is  certain  that  the  con- 
tagion of  many  febrile  diseases,  as  scarlatina,  mealses,  and  smallpox,  is 
communicated  through  the  air  by  the  products  of  respiration ; and  the 
normal  organic  exhalations  of  the  pulmonary  mucous  membrane,  when 
altered  by  concentration,  the  accumulation  of  moisture,  and  an  elevated 
temperature,  are  undoubtedly  capable  of  producing  morbid  effects  of  an 
analogous  kind. 

All  the  above  causes  of  vitiation  of  the  atmosphere  in  respiration, 
notwithstanding  the  differences  in  their  nature  and  effects,  are  to  be 
obviated  by  the  same  means ; that  is,  a sufficient  renewal  of  the  air  by 
ventilation. 


Changes  in  the  Blood  by  Respiration. 

The  blood  as  it  circulates  in  the  ai’terial  system  has  a bright  scarlet 
color ; but  as  it  passes  through  the  capillaries  it  gradually  becomes 
darker,  and  on  arriving  in  the  veins  it  is  deep  purple,  or  in  some  situ- 
ations nearly  black.  There  are,  therefore,  two  kinds  of  blood  in  the 
body  ; arterial  blood,  which  is  of  a bright  color,  and  venous  blood,  which 
is  dark.  The  dark-colored  venous  blood,  which  has  been  thus  altered 
by  passing  through  the  capillaries,  is  incapable,  in  this  state,  of  supply- 
ing the  organs  with  their  healthy  stimulus  and  nutrition,  and  has  lost  its 
value  as  a circulating  fluid.  It  is  accordingly  returned  to  the  heart  by 
the  veins,  and  is  thence  sent,  through  the  pulmonary  artery,  to  the  lungs. 
In  passing  through  the  pulmonaiy  circulation  it  reassumes  its  scarlet 
hue,  and  is  again  converted  into  arterial  blood.  Thus  the  most  striking 
physical  effect  produced  upon  the  blood  by  respiration  is  its  change  ot 
color  from  venous  to  arterial. 

This  change  is  accomplished  by  the  influence  of  the  air  in  the  pulmo- 
nary cavities.  For  if  defibrinated  venous  blood,  recently  drawn  from 
the  veins  of  the  living  animal,  be  shaken  up  in  a glass  vessel  with 
atmospheric  air,  it  at  once  changes  its  color  and  acquires  the  bright  hue 
of  arterial  blood.  If  injected  through  the  vessels  of  the  lungs  them- 
selves after  removal  from  the  body,  the  lungs  being  filled  with  air,  the 
same  change  takes  place.  If  a dog  be  rendered  insensible  by  a nar’cotic 
injection  or  other  similar  means,  the  thorax  opened,  and  artificial  re- 
spiration kept  up  by  the  nozzle  of  a bellows  inserted  into  the  trachea, 
the  dark  venous  blood  can  be  seen  in  the  great  veins  and  in  the  right 
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auricle  of  the  heart,  while  that  returning  from  the  lungs  to  the  left 
auricle  is  bright  reel.  But  if  artificial  respiration  be  stopped,  the  circu- 
lation through  the  lungs  continuing,  the  blood  soon  ceases  to  be  arteri- 
alized  in  the  pulmonary  capillaries,  and  returns  to  the  left  auricle  of  a 
dark  venous  hue.  On  recommencing  artificial  respiration,  arterialization 
of  the  blood  is  again  produced,  and  its  red  color  is  restored  in  the  pul- 
monary veins  and  the  left  cavities  of  the  heart. 

At  the  same  time,  in  passing  through  the  pulmonary  circulation,  the 
blood  undergoes  a change  in  its  gaseous  constituents,  the  converse  of 
that  which  is  produced  in  the  air ; that  is,  it  absorbs  oxygen  and  exhales 
carbonic  acid. 

Passage  of  Oxygen  into  the  Blood  in  Respiration. — The  oxygen  which 
is  absorbed  from  the  air  in  the  lungs  is  taken  up  by  the  blood  circulating 
in  the  pulmonary  capillaries.  It  does  not  at  once  enter  into  intimate 
chemical  union  with  other  elementary  substances,  but  is  still  in  the  form 
of  solution  or  of  such  loose  combination  that  it  may.be  removed  from 
the  blood  by  means  of  the  air-pump,  by  a current  of  hydrogen  or  nitro- 
gen, and  especially  by  the  action  of  carbonic  oxide  (CO),  which  expels 
it  completely.  According  to  a large  number  of  observations  which  have 
been  made  on  this  point,  its  quantity,  in  the  fresh  arterial  blood  of  the 
dog,  may  vary  from  a little  over  10  per  cent,  to  22  per  cent,  of  the 
volume  of  the  blood ; the  average  in  the  experiments  of  Schoeffer  and 
Ludwig1  being  about  15  per  cent. 

Nearly  the  whole  of  the  oxygen  is  taken  up  by  the  blood-globules; 
the  hemoglobine  of  which  has  been  shown  to  possess  so  remarkable  a 
power  of  absorption  for  this  gas  that  one  gramme  of  hemoglobine  in 
solution  will  absorb  more  than  one  cubic  centimetre  of  oxygen.  Ac- 
cording to  the  experiments  of  Magnus,  while  the  blood  contains  more 
than  twice  as  much  oxygen  as  water  could  hold  in  solution  at  the  same 
temperature,  the  serum  alone  has  no  more  solvent  power  for  this  gas 
than  pure  water ; and  on  the  other  hand,  defibrinated  blood,  that  is,  the 
serum  and  globules  mingled,  dissolves  as  much  oxygen  as  the  fresh  blood 
itself.  Pfiiiger  also  found,  as  the  average  of  six  observations  on  the  arte- 
rial blood  of  the  dog,  that  the  oxygen  contained  in  the  entire  blood  was, 
by  volume,  15.6  per  cent.,  while  in  the  serum  alone  he  found  only  0.2  per 
cent.  According  to  the  same  observer,  the  arterial  blood  in  the  carotids 
contains  nearly  though  not  quite  all  the  oxj'gen  it  is  capable  of  holding  in 
solution ; since  a specimen  of  dog’s  blood  drawn  directly  from  the  artery 
already  contained  18.8  per  cent,  of  oxygen,  and  after  being  shaken  up 
with  atmospheric  air  contained  rather  less  than  20  per  cent.  The  blood, 
therefore,  either  does  not  become  fully  saturated  with  oxygen  in  passing 
through  the  lungs,  or  else  a little  of  this  gas  has  already  passed  into 
some  other  form  of  combination  on  reaching  the  carotid  arteries. 

The  color  of  the  blood  depends  solely  on  the  presence  or  absence  of 
oxygen , not  on  that  of  carbonic  acid.  Venous  blood,  shaken  up  with 

1 Archiv  fur  die  Gesammte  Pliysiologie,  1868,  Baud  1,  p.  279. 
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oxygen  or  atmospheric  air,  at  once  assumes  the  arterial  tint,  although 
its  carbonic  acid  may  remain.  According  to  Pfluger’s  experiments,  if 
defibrinated  dog’s  blood  be  placed  in  two  flasks,  and  shaken  up,  one  with 
pure  oxygen,  the  other  with  a mixture  of  oxygen  and  carbonic  acid,  both 
specimens  will  present  the  same  bright  color ; both  of  them  being  found 
on  analysis  to  contain  nearly  the  same  quantities  of  oxygen,  while  their 
proportions  of  carbonic  acid  are  very  different.  Also  the  recently  drawn 
blood  of  these  animals,  after  they  have  been  made  to  breathe  either  pure 
oxygen,  or  oxygen  and  carbonic  acid  mingled,  is  ol  the  same  color  in 
each  instance ; the  percentage  of  oxygen  which  it  contains  being  the 
same,  but  that  of  carbonic  acid  being  different  in  the  two  cases. 

It  is  the  oxygen,  therefore,  which,  on  being  taken  up  by  the  blood- 
globules,  changes  their  color  from  dark  purple  to  bright  red.  It  passes 
off  with  the  arterial  blood  in  this  condition,  and  is  then  distributed  to 
the  capillary  circulation.  Here,  as  the  blood  comes  in  contact  with  the 
tissues,  its  oxygen  in  great  measure  disappears,  and  its  color  is  again 
changed  from  arterial  to  venous. 

The  loss  of  oxygen  by  the  blood,  in  traversing  the  capillaries,  is  due 
to  its  transfer  from  the  blood-globules  to  the  substance  of  the  tissues. 
Nearly  all  the  tissues,  iu  fact,  exert  an  absorbent  power  upon  oxygen, 
when  exposed  to  this  gas  or  to  atmospheric  air  containing  it.  The  ex- 
periments of  Paul  Bert1  have  shown  that  the  following  tissues,  extracted 
from  the  body  of  the  recently  killed  dog  and  exposed  to  the  contact  of 
atmospheric  air  in  closed  vessels,  absorb  oxygen,  with  different  degrees 
of  intensity,  in  the  following  order,  namely : muscles,  brain,  kidneys, 
spleen,  testicle,  and  pounded  bones.  Of  these  the  muscles  are  the  most 
active,  absorbing  50  cubic  centimetres  of  oxygen  for  every  100  grammes 
of  muscular  tissue;  while  the  bones  absorb  only  a little  over  17  cubic 
centimetres  for  the  same  weight  of  substance. 

The  tissues  have  even  a greater  absorbent  power  for  oxygen  than  the 
blood-globules  themselves.  This  is  shown  by  the  experiments  of  Spal- 
lanzani, and  still  more  completely  by  those  of  Bert.  In  these  experi- 
ments, three  equal  portions  of  recently  drawn  defibrinated  dog’s  blood 
are  placed  in  test-tubes,  a piece  of  fresh  muscular  tissue  from  the  same 
animal  being  introduced  into  one  of  them,  a portion  of  the  spleen-tissue 
into  another,  while  the  third  is  left  to  itself.  After  a time  it  is  found 
that  the  solid  tissues  have  abstracted  oxygen  from  the  blood  with  which 
they  are  in  contact,  so  that  in  these  two  specimens  the  blood,  on 
analysis,  contains  less  oxygen  than  in  the  third  specimen,  which  has 
remained  by  itself.  The  result  obtained  by  Bert  was  as  follows : 


Quantity  of  Oxygen  by  Volume  remaining  in 


Blood  left  to  itself 

Blood  containing  spleen  tissue 

Blood  containing  muscular  tissue 


18  per  cent. 
12  “ 

6 “ 


‘ 1 Letjons  sur  la  Physiologie  compar6e  de  la  Respiration.  Paris,  1870,  p.  46. 
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Finally,  successive  analyses  of  the  blood,  as  it  passes  from  the  arte- 
rial into  the  venous  system,  shows  that  it  loses  oxygen  in  proportion  as 
it  has  been  subjected  to  the  influence  of  the  capillary  circulation.  Ber- 
nard1 found  that  the  blood  of  the  same  dog,  from  different  parts  of  the 
circulatory  system,'  yielded,  by  the  action  of  carbonic  oxide,  the  follow- 
ing quantities  of  oxygen : 

Quantity  of  Oxygen  by  Volume  in 


Arterial  blood 18.93  per  cent. 

Venous  blood  from  right  side  of  heart  . . . 9.93  “ 

Venous  blood  from  hepatic  veins  . . . . 2.80  “ 


The  average  quantity  of  oxygen  existing  in  venous  blood  generally  is 
8 per  cent. ; that  is,  it  is  reduced  about  one-half  from  its  proportion  in 
arterial  blood. 

Thus  the  blood-globules  serve  as  carriers  of  oxj^gen  from  the  lungs 
where  it  is  absorbed,  to  the  tissues  where  it  is  consumed ; and  the  first 
object  of  respiration  is  to  supply  oxygen  to  the  blood,  in  order  that  the 
blood  may  supply  it  to  the  tissues. 

Exhalation  of  Carbonic  Acid  by  the  Blood. — The  venous  blood,  as  it 
returns  to  the  right  side  of  the  heart,  is  already  charged  with  carbonic 
acid  to  such  an  extent  that  a portion  of  this  gas  is  exhaled  through  the 
pulmonary  membrane,  and  discharged  with  the  breath.  Its  absolute 
quantity  in  the  blood  has  not  been  determined  with  the  same  accuracy 
as  that  of  the  oxygen.  Carbonic  oxide,  which  is  so  efficient  for  the 
extraction  of  oxygen  from  the  blood,  displaces  only  a portion  of  its 
carbonic  acid  ; and  in  the  experiments  of  Bernard,  the  maximum  quan- 
tity of  carbonic  acid  obtained  from  venous  blood  by  this  means  was 
only  about  6.5  per  cent,  by  volume.  A much  larger  proportion  may  be 
extracted  by  the  mercurial  air-pump,  amounting  on  the  average,  in  the 
experiments  of  Ludwig,  to  about  28  per  cent,  for  arterial  blood,  and 
about  31  per  cent,  for  venous  blood.  But  a large  part  of  the  carbonic 
acid  obtainable  in  this  way  does  not  exist  in  a free  form  in  the  blood, 
but  in  a state  of  combination  with  the  alkaline  phosphates  and  carbon- 
ates of  the  plasma;  since  it  is  known  that  a watery  solution  of  sodium 
bicarbonate  will  lose  a portion  of  its  carbonic  acid,  and  become  reduced 
to  the  condition  of  a carbonate  by  being  subjected  to  the  influence  of  a 
vacuum,  or  even  by  agitation  with  pure  hydrogen  at  the  temperature 
of  the  body.  Lehmann  found2  that  after  the  expulsion  from  ox’s  blood 
of  all  the  carbonic  acid  removable  by  the  air-pump  and  a current  of 
hydrogen,  there  still  remained  0.1628  per  cent,  of  sodium  carbonate, 
with  which  a certain  quantity  of  the  carbonic  acid  previously  given  oil 
must  have  been  united  in  the  form  of  bicarbonate. 

It  is  estimated  by  Bert,  according  to  the  experiments  of  Fernet,  that 
a portion  of  the  carbonic  acid  of  the  blood  is  in  simple  solution  and  a 

1 Liquides  de  l’Organisme.  Paris,  1859,  tome  i.  p.  394. 

2 Physiological  Chemistry,  Cavendish  edition.  Loudon,  1854,  vol.  i.  p.  438. 
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portion  combined  with  the  alkaline  salts;  the  blood,  when  artificially 
saturated  with  this  gas,  containing  about  three-fifths  in  a state  of  solu- 
tion and  about  two-fifths  in  a state  of  combination.  We  do  not  know, 
however,  what  this  proportion  is  in  the  venous  blood  as  it  exists  m the 
living  body ; and  the  large  amount  of  carbonic  acid  removable  by  the 
action  of  a vacuum  does  not  represent  that  which  is  capable  of  being 
exhaled  from  the  blood  through  the  pulmonary  membrane.  This  quan- 
tity is  very  much  smaller.  We  know  that,  on  the  average,  13  cubic 
centimetres  of  carbonic  acid  are  discharged  from  the  lungs  in  man  with 
each  expiration;  and  during  this  interval,  judging  from  the  capacity 
of  the  left  auricle  and  the  frequency  of  its  pulsations,  there  can  haidly 
be  less  than  400  cubic  centimetres  of  blood  passing  through  the  pulmo- 
nary circulation.  This  would  give  only  a little  over  3 per  cent,  as  the 
volume  of  carbonic  acid  discharged  from  a given  quantity  of  blood  in 
respiration.  The  average  results  obtained  by  extraction  with  the  mei- 
curial  air-pump,  in  the  experiments  of  Ludwig,  give  this  quantity  as 
the  actual  difference  between  venous  and  arterial  blood,  as  follows : 

Average  Quantity  of  Carbonic  Acid  removable  by  the  Air-Pump,  from 

Venous  blood 31-27  Per  cent’ 

Arterial  blood 27.99 


Difference 

All  the  different  modes  of  analysis,  whether  by  carbonic  oxide,  other 
indifferent  gases,  or  the  air-pump,  though  differing  in  the  quantity  of 
gas  extracted,  show  that  there  is  less  carbonic  acid  in  arterial  than  in 
venous  blood,  and  accordingly  that  this  gas  is  exhaled  from  the  cii di- 
lating fluid  during  its  passage  through  the  lungs. 

Unlike  the  oxygen,  the  carbonic  acid  of  the  blood  is  principally  con- 
tained in  the  plasma , and  not  in  the  blood  globules  ; since  the  capacity 
of  absorption  for  this  gas  is  not  essentially  different  for  the  serum  and 
for  the  entire  blood. 

Source  of  the  Carbonic  Acid  of  the  Blood. — The  source  of  the  cai- 
bonic  acid  of  the  blood,  as  well  as  the  destination  of  its  oxygen,  is  in 
the  tissues  themselves.  From  the  experiments  of  various  observers  it 
is  found  that  every  organized  tissue,  in  the  recent  condition,  has  the 
power  of  absorbing  oxygen  and  exhaling  carbonic  acid.  G.  Liebig, 
for  example,  showed  that  frogs’  muscles,  recently  prepared  and  com- 
pletely freed  from  blood,  will  continue  to  absorb  oxygen  and  discharge 
carbonic  acid.  Similar  experiments  with  other  tissues  have  led  to  the 
same  result.  It  is  in  the  substance  of  the  tissues,  accordingly,  that  the 
oxygen  becomes  fixed  and  assimilated,  and  that  the  carbonic  acid  takes 
its  origin.  These  two  phenomena,  however,  are  not  immediately  de- 
pendent upon  each  other.  This  is  shown  by  the  fact  that  animals  and 
fresh  animal  tissues  will  continue  to  exhale  carbonic  acid  in  an  atmo- 
sphere of  hydrogen  or  of  nitrogen,  or  even  when  placed  in  a vacuum. 
Marchand  found  that  frogs  would  live  for  from  halt  an  hour  to  an  hour 
20 
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iii  pure  hydrogen  gas ; and  that  during  this  time  they  exhaled  even 
more  carbonic  acid  than  in  atmospheric  air,  owing  probably  to  the 
superior  displacing  power  of  hydrogen  for  carbonic  acid.  For  while 
1000  grammes’  weight  of  frogs  exhaled  about  0.077  gramme  of  carbonic 
acid  per  hour  in  atmospheric  air,  they  exhaled  during  the  same  time  in 
pure  hydrogen  as  much  as  0.263  gramme.  The  same  observer  found 
that  frogs  would  recover  on  the  admission  of  air  after  remaining  for 
about  half  an  hour  in  a nearly  complete  vacuum ; and  that  if  they  were 
killed  by  total  abstraction  of  the  air,  1000  grammes’  weight  of  the  ani- 
mals were  found  to  have  eliminated  0.600  gramme  of  carbonic  acid. 
Similar  facts  were  previously  observed  by  Spallanzani ; and  Paul  Bert 
found  that  while  a certain  quantity  of  fresh  muscular  tissue,  in  atmo- 
spheric air,  exhaled  in  a given  time  30  cubic  centimetres  of  carbonic  acid, 
the  same  quantity,  in  pure  hydrogen,  exhaled  23  cubic  centimetres  during 
the  same  time.  He  even  found  that  the  exhalation  of  carbonic  acid 
would  continue  to  go  on,  in  an  atmosphere  of  nitrogen,  from  muscular 
tissue  which  had  previously  been  subjected  for  a quarter  of  an  hour  to 
the  action  of  a vacuum.1 

It  is  furthermore  evident  that  in  this  process  of  internal  respiration 
by  the  tissues,  as  in  the  external  phenomena  of  respiration  by  the  lungs, 
the  quantities  of  oxy^gen  absorbed  and  of  carbonic  acid  exhaled  do  not 
always  bear  the  same  relation  to  each  other.  This  is  shown  by  the  ex- 
periments of  Paul  Bert  on  the  gases  absorbed  and  discharged  by  the 
different  tissues  of  the  dog  in  contact  with  atmospheric  air,  where  in 
some  instances  the  volume  of  carbonic  acid  produced  was  greater,  and 
in  others  less  than  that  of  the  oxygen  consumed  ; the  proportions  of 
the  two  varying  considerably  in  each  case. 

The  following  list  gives  the  result  of  a series  of  these  experiments: 

Quantity  op  O and  C02  absorbed  and  exhaled  during  24  hours, 

IN  CUBIC  CENTIMETRES. 


By  100  grammes  of 

Muscle  . 

Oxygen  absorbed. 

. 50.8 

Carbonic  acid  exhaled. 
56.8 

Brain 

. 

. 45.8 

42.8 

Kidneys 

. 

. 37.0 

15.6 

Spleen  . 

. 

. 27.3 

15.4 

Testicles 

. 

. 18.3 

27.5 

Pounded  bones 

. 

. 17.2 

8.1 

The  production  of  carbonic  acid  by  the  tissues  is  not,  therefore,  di- 
rectly connected  with  the  absorption  of  oxygen..  The  precise  chemical 
action  by  which  carbonic  acid  originates  in  the  solid  organs  is  unknown; 
but  it  is  probably  by  some  mode  of  decomposition  in  which  a portion 
of  the  carbon  and  oxygen  present  in  the  tissues  separate  from  their 
previous  combinations  in  this  form,  while  the  remaining  elements  at  the 
same  time  unite  to  produce  other  substances  of  different  composition. 

The  process  of  respiration  consists,  accordingly,  in  an  interchange  of 

1 Leqons  sur  la  Physiologie  compared  de  la  Respiration.  Pans,  18  <0,  p.  49. 
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gases  between  the  blood  and  the  lungs.  The  blood  coming  to  the  lungs 
comparatively  poor  in  oxygen  and  charged  with  carbonic  acid,  the  for- 
mer gas  is  absorbed  from  the  air  in  the  pulmonary  vesicles,  while  the 
latter  is  discharged  at  the  same  time,  to  be  exhaled  with  the  breath. 
These  changes,  however,  are  neither  of  them  complete,  but  only  partial, 
both  for  the  air  and  for  the  blood.  The  expired  air  is  never  deprived 
of  the  whole  of  its  oxygen,  and  contains  only  about  4 per  cent,  of  its 
volume  of  carbonic  acid.  On  the  other  hand,  the  venous  blood  coming 
to  the  lungs  still  contains  a moderate  percentage  of  oxygen;  and  a cer- 
tain quantity  of  carbonic  acid  is  also  present  in  arterial  blood.  It  is 
only  the  proportion  of  these  gases  which  is  changed  in  respiration,  the 
carbonic  acid  of  the  blood  being  diminished,  and  its  oxygen  increased, 
by  its  passage  through  the  pulmonary  circulation. 

The  office  of  the  respiratory  apparatus  is  therefore  to  afford  ingress 
and  egress  to  the  two  substances  which  enter  and  leave  the  body  in 
the  gaseous  form.  These  two  substances  have  no  immediate  relation 
with  each  other,  excepting  as  to  the  organ  by  which  they  are  absorbed 
and  exhaled.  They  represent  the  beginning  and  the  end  of  a series  of 
internal  combinations  and  decompositions,  which  are  among  the  most 
essential  of  the  changes  contributing  to  the  maintenance  of  life. 
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CHAPTER  XIV. 

ANIMAL  HEAT. 

One  of  the  characteristic  properties  of  living  creatures  is  that  of 
maintaining,  more  or  less  constantly,  a standard  temperature,  notwith- 
standing the  external  changes  of  heat  or  cold  tq  which  they  are  sub- 
jected. If  a bar  of  iron  or  a vessel  of  water  be  heated  to  a temperature 
above  that  of  the  external  air,  and  then  left  to  itself,  it  will  at  once 
begin  to  lose  heat  by  radiation  and  conduction ; and  this  loss  of  heat 
will  continue  until,  after  a certain  time,  the  temperature  of  the  heated 
body  has  been  reduced  to  that  of  the  surrounding  atmosphere.  It  then 
remains  stationary  at  this  point,  unless  the  atmosphere  should  become 
warmer  or  cooler ; in  which  case  a similar  change  takes  place  in  the 
inorganic  body,  its  temperature  remaining  constant  or  varying  with 
that  of  the  surrounding  medium. 

With  man  and  many  animals  the  case  is  strikingly  different.  If  a 
thermometer  be  introduced  into  the  stomach  or  rectum  of  a dog,  or 
placed  under  the  tongue  of  the  human  subject,  it  will  indicate  a tem- 
perature of  from  31°  to  38°  (about  100°  F.),1  whether  the  surrounding 
atmosphere  at  the  time  be  warm  or  cool.  This  internal  temperature  of 
the  body  is  sensibly  the  same  in  summer  and  in  winter.  Although  the 
external  air  may  be  at  the  freezing  point,  the  internal  parts  of  the  body, 
in  a condition  of  health,  will  indicate  their  usual  standard  of  warmth 
when  examined  by  the  thermometer;  and  even  in  ordinary  summer 
weather  the  temperature  of  the  air  is,  for  the  most  part,  many  degrees 
below  that  of  the  living  body.  As  the  body,  however,  by  exposure  to 
such  an  atmosphere  must  be  constantly  losing  heat  by  radiation  and 
conduction,  like  any  inorganic  mass,  and  yet  maintains  a standard  tem- 
perature, it  is  plain  that  a certain  amount  of  heat  must  be  generated  in 
its  interior,  sufficient  to  compensate  for  the  external  loss.  The  internal 
heat,  so  produced,  is  known  by  the  name  of  vital  or  animal  heat. 

Thus  it  is  by  its  own  internal  heat  that  the  body  is  warmed.  The 
clothing  used  by  man,  and  the  fur,  wool,  or  feathers  by  which  the 
bodies  of  animals  are  protected,  have,  of  course,  no  warmth  in  them- 
selves ; they  simply  prevent  the  body  from  losing  heat  too  rapidly  and 
thus  becoming  cooled  down  below  its  normal  standard.  Even  the  fur- 
naces and  fires  of  a dwelling  house  only  serve  in  a similar  way  to 
moderate  the  cooling  influence  of  the  air ; for  the  atmosphere,  even  in 

i To  convert  any  given  number  of  degrees  of  the  Centigrade  scale  into  the 
corresponding  value  for  the  Fahrenheit  scale,  multiply  by  1.8  and  add  32  to  the 
product. 
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the  warmest  apartment,  never  rises  to  the  heat  of  the  living  body,  which 
is  still  the  only  source  of  its  own  vital  temperature. 

Differences  of  Temperature  in  Different  Classes  of  Animals.—’ L'he 
intensity  of  the  production  of  internal  heat  varies  in  different  classes 
of  animals.  As  a rule,  it  is  most  active  in  birds,  whose  temperature  is 
in  o-eneral  45°.  In  the  mammalians  it  is  31°  to  40°;  in  man  about 
3V.5.  As  in  these  two  classes  the  internal  organs  and  the  blood  are 
nearly  always  much  above  the  temperature  of  the  air  or  of  the  surface 
of  the  skin,  and  accordingly  feel  warm  to  the  touch,  they  are  called  the 
“warm-blooded  animals.”  In  reptiles  and  fish,  on  the  other  hand,  the 
production  of  heat  is  much  less  rapid,  and  preponderates  so  little  over 
that  of  the  air  or  water  which  they  inhabit,  that  no  marked  difference  is 
perceptible  on  cursory  examination ; and  as  their  internal  organs  ha\  e 
a lower  temperature  than  our  own  integument,  and  consequently  feel 
cool  to  the  touch,  they  are  called  the  “cold-blooded  animals.”  This 
difference,  however,  is  only  one  in  degree  and  not  in  kind.  Reptiles 
and  fish  also  generate  heat  within  their  bodies,  which  may  be  measured 
by  the  thermometer.  The  temperature  of  frogs,  serpents,  tortoises, 
water-lizards,  and  fish  has  thus  been  found  to  be  from  1.1  to  4.5 
above  that  of  the  surrounding  air  or  water. 

In  the  invertebrate  animals,  as  insects  and  the  like,  the  heat  produced 
is  still  less  easily  perceptible  because,  from  the  great  extent  of  the  sur- 
face presented  by  their  bodies  in  proportion  to  their  mass,  the  waimth 
is  more  rapidly  dissipated.  But  when  many  of  them  are  collected  in  a 
small  air-space,  or  when  they  are  in  a state  of  activity,  it  is  still  distin- 
guishable by  thermometric  measurement.  The  temperature  of  the  butter- 
fly after  active  motion  has  been  found  to  be  from  2.11°  to  5°  above  that 
of  the  air;  that  of  the  humble-bee  from  1.5°  to  5.5°  higher  than  the 
exterior.  According  to  the  experiments  of  Newport,  the  interior  of  a 
hive  of  bees  may  have  a temperature  of  9C  when  the  external  atmos- 
phere is  at  1.4°,  even  while  the  insects  are  quiet ; but  if  they  be  excited 
to  activity  by  tapping  on  the  outside  of  the  hive,  it  may  rise  to  38.8  . 
Thus,  while  the  insects  are  at  rest,  the  thermometer  indicates  a very 
moderate  temperature ; but  if  kept  in  rapid  motion  in  a confined  space, 
they  may  generate  a sufficient  amount  of  heat  to  produce  a sensible 
elevation  in  the  course  of  a few  minutes. 

The  production  of  heat  is  not  confined  to  animal  organisms,  but  takes 
place  also  in  vegetables.  Here,  however,  it  is  still  more  rapidly  dissi- 
pated than  in  insects,  owing  to  the  great  extent  of  surface  presented 
by  the  ramifications  and  foliage,  and  to  the  abundant  evaporation  of 
moisture  from  the  leaves,  by  which  the  heat  generated  is  in  great 
measure  consumed  without  becoming  perceptible  by  the  ordinary  ther- 
mometer. If  this  loss  of  heat  from  the  plant  be  diminished  by  keeping 
the  air  charged  with  watery  vapor  and  thus  preventing  evaporation,  the 
elevation  of  temperature  becomes  sensible  and  may  be  measured.  Du- 
trochet1  first  demonstrated,  by  the  use  of  the  thermo-electric  needle,  that 

1 Annales  des  Sciences  naturelles.  Paris,  2me  S6rie,  tome  xii.  p.  277. 
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nearly  all  parts  of  a living  plant,  such  as  the  green  stems,  the  leaves, 
the  buds,  and  even  the  roots  and  fruit,  generate  a certain  amount  of 
heat ; the  maximum  temperature  thus  detected  being  about  0.28°  above 
that  of  the  surrounding  atmosphere.  Subsequent  observations  have 
shown  that  in  certain  periods  of  vegetative  activity,  as  in  the  processes 
of  germination  and  flowering,  the  development  of  heat  is  much  more 
rapid.  In  the  malting  of  barley,  when  a considerable  quantity  of  the 
germinating  grain  is  piled  in  a mass,  its  elevation  of  temperature  may 
be  readily  distinguished,  both  by  the  hand  and  the  thermometer.  The 
most  striking  example  of  heat-production  in  flowers  is  presented  by 
those  of  the  Aracese  (Calla,  Indian  turnip,  Sweet  flag)  at  the  time  of 
fecundation,1  which  in  warm  weather  may  show  a temperature  of  4°, 
5°,  or  even  10°  above  that  of  the  surrounding  air. 

The  generation  of  heat  is  accordingly  a phenomenon  common  to  all 
living  organisms,  whether  animal  or  vegetable.  When  the  mass  of  the 
organized  body  is  large  in  proportion  to  its  extent  of  surface,  the  heat 
thus  produced  is  readily  distinguishable  both  by  the  touch  and  by  the 
thermometer.  When  rapidly  dissipated  by  increased  extent  of  surface, 
and  especially  by  the  evaporation  of  moisture,  it  is  less  easily  detected, 
but  it  exists  in  each  case.  In  birds  and  mammalians  it  is  more  active 
than  in  reptiles  and  fish ; and  even  in  different  species  of  animals  belong- 
ing to  the  same  class,  it  is  usually  found  that  the  normal  tempeiature 
of  the  body,  like  the  other  physiological  phenomena,  differs  slightly, 
according  to  the  special  organization  of  the  animal  and  the  general 
activity  of  its  functions. 

Quantity  of  Heat  in  the  Living  Body. — The  quantity  of  heat  produced 
in  the  body  within  a given  time  is  best  measured  by  the  increase  of 
temperature  which  it  will  produce  in  a certain  volume  of  water.  Prof. 
John  C.  Draper2  found  that  the  human  body,  having  a volume  of  about 
85  litres  (3  cubic  feet)  and  a weight  of  81.65  kilogrammes  (180  pounds 
avoirdupois),  by  remaining  at  rest  in  the  bath  for  one  hour,  could  raise 
the  temperature  of  212  kilogrammes  of  water  1.11° ; which  he  estimates, 
assuming  the  specific  heat  of  the  body  to  be  about  the  same  with  that 
of  water,  would  be  capable  of  warming  the  body  itself  2.71°.  But  as 
the  temperature  of  the  body,  in  the  observation  quoted,  was  lowered 
0.55°  while  in  the  bath,  the  heat  actually  generated  would  be  capable 
of  warming  the  body  itself,  or  an  equal  volume  of  water,  2.22°.  This 
would  be  equivalent  to  188.7  heat  units,3  produced  by  the  human  body 
in  the  course  of  one  hour,  or  2.31  heat  units  for  every  kilogramme  of 

bodily  weight.  . . 

The  experiments  of  Senator4  on  the  heat-producmg  power  m dogs 


1 Sachs,  Traite  de  Botanique.  Paris,  1874,  p.  847. 

a American  Journal  of  Science  and  Arts.  New  Haven,  1872,  vol.  u.  p.  445. 

» A heat  unit  is  the  quantity  of  heat  required  to  raise  the  temperature  of  one 
kilogramme  of  water  from  0°  to  1°  of  tlie  centigrade  scale 

* Arckiv  fur  Anatomic,  Pbysiologie,  und  Wissenschaftbche  Medicin.  Le.pzig, 

1872. 
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were  performed  with  much  accuracy.  The  animals  were  inclosed  in  a 
copper  cage,  through  which  ventilation  was  kept  up  at  a known  rate, 
the  temperature  of  the  incoming  and  outgoing  volumes  of  air  being  noted 
at  intervals  of  ten  minutes.  The  cage  containing  the  animal  was  sur- 
rounded by  a known  volume  of  water,  at  from  26.5°  to  29°,  and  the 
whole  apparatus  inclosed  in  an  outer  case  made  as  nonconducting  as 
possible ; the  quantity  of  heat  actually  lost  from  it  by  external  cooling 
being  determined  by  preliminary  observations.  The  internal  tempera- 
ture of  the  animal  having  been  taken,  he  was  introduced  into  the  cage 
and  allowed  to  remain  there  a certain  time.  The  heat  produced  within 
this  time  was  mainly  ascertained  by  the  increase  of  temperature  in  the 
water  surrounding  the  cage,  the  result  being  corrected  by  that  of  the 
air  used  for  ventilation,  as  well  as  by  the  variation  in  temperature  of  the 
animal  himself,  and  the  loss  from  the  apparatus  by  external  cooling. 
By  this  method  the  experimenter  found,  as  the  average  result  of  five 
observations,  that  a dog  of  5.392  kilogrammes’  weight,  at  rest  and  in 
the  fasting  condition,  produced  in  one  hour  12.63  heat  units ; that  is, 
2.34  heat  units  for  every  kilogramme  of  bodily  weight.  According  to 
these  experiments,  the  heat-producing  power  in  the  dog  and  that  in  the 
human  subject  are  nearly  the  same;  while  that  of  the  dog  is  rather  the 
more  active  of  the  two. 

Normal  Variations  of  Temperature  in  the  Living  Body. — The  tem- 
perature of  the  body  is  not  the  same  in  its  different  regions,  but  increases 
for  a certain  distance,  from  the  exterior  toward  the  central  parts.  This 
is  because  the  living  body  is  subjected  to  a constant  loss  of  heat  from 
the  surface,  like  any  other  solid  substance  of  higher  temperature  than 
the  surrounding  air.  Consequently  the  integument  and  the  parts  im- 
mediately subjacent  to  it,  being  more  exposed  to  this  cooling  influence 
than  the  internal  organs,  have  habitually  a temperature  slightly  below 
that  of  the  body  in  general.  Accordingly,  whenever  the  external  air 
rises  to  the  neighborhood  of  31°  or  31.5°  it  feels  uncomfortably  warm ; 
because,  although  this  is  exactly  the  normal  temperature  of  the  blood 
and  the  internal  organs,  it  is  considerably  above  that  of  the  skin,  which 
is  readily  sensitive  to  variations  of  cold  or  warmth.  The  cooling  influ- 
ence of  the  external  atmosphere  upon  the  skin  is  considerably  moderated 
by  the  movement  of  the  circulation ; since  the  warmer  blood  coming 
from  the  internal  parts  constantly  supplies  the  integument  with  fresh 
quantities  of  heat  and  thus  tends  to  compensate  for  its  external  loss. 

Notwithstanding  this  compensation,  however,  the  difference  in  tem- 
perature between  the  external  and  internal  parts  of  the  body  is  always 
perceptible  during  health.  If  the  bulb  of  a thermometer  be  held  for 
some  minutes  between  the  folds  of  skin  in  the  palm  of  the  hand,  it  will 
stand  at  36.4°  ; in  the  axilla,  at  3G.G°  ; under  the  tongue,  it  will  reach 
37.2°;  in  the  rectum,  37.5°;  and  Dr.  Beaumont  found,  in  the  case  of 
Alexis  St.  Martin,  that  the  thermometer,  introduced  into  the  stomach 
through  the  gastric  fistula,  often  indicated  a temperature  of  37.8°.  It 
is  evident  therefore  that,  in  order  to  ascertain  the  real  internal  tempera- 
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ture  of  the  body,  the  bulb  of  the  thermometer  should  be  inserted  so 
deeply  as  to  pass  beyond  the  superficial  zone  affected  by  the  process  of 
external  cooling.  Even  when  placed  beneath  the  tongue  it  is  in  contact 
with  parts  which  are  themselves  slightly  cooled  by  the  passage  of  the 
air  in  inspiration  and  expiration,  and  accordingly  does  not  reach  the 
maximum  temperature  of  the  body.  To  accomplish  this,  it  must  be  in- 
serted into  the  abdominal  cavity  or  the  rectum,  so  deeply  that  a further 
introduction  produces  no  increase  in  the  indicated  temperature.  This 
is  the  method  usually  adopted  in  physiological  observations. 

Beside  the  differences  observable  from  the  above  cause  between  the 
superficial  and  the  deep-seated  parts,  there  is  a real  variation  within 
narrow  limits  of  the  internal  temperature  of  the  body,  according  to  dif- 
ferent physiological  conditions.  Jiirgensen  has  shown1  that  in  the  human 
subject  there  is  a diurnal  variation,  the  temperature  during  the  day 
being  a little  higher  than  at  night,  even  when  both  periods  are  passed 
in  complete  repose.  A series  of  observations  upon  the  same  individual 
in  a state  of  rest  gave  the  following  averages : 

Temperature  of  the  Human  Body  when  at  rest. 

By  day.  By  night. 

37.34°  36.91° 


The  difference  between  the  two  averages  amounts  to  0.43°.  There 
are  also  temporary  variations  of  small  extent  during  each  of  the  above 
periods;  the  greatest  variation  during  the  day  being  0.27  J;  that  during 
the  night  0.15°. 

The  temperature  of  the  body  is  also  increased  by  muscular  activity. 
It  is  a matter  of  common  observation,  both  in  man  and  animals,  that 
temporary  exertion  produces  an  increase  of  bodily  warmth.  Jiirgensen 
observed  in  the  same  individual  that  while  during  a day  of  absolute 
rest  the  maximum  temperature  attained  was  37.1°,  under  the  influence 
of  exercise  it  reached  38.8°.  A much  more  striking  difference,  cone- 
sponding  with  muscular  repose  or  activity,  has  already  been  mentioned 
as  observable  in  insects. 

The  animal  temperature  is  furthermore  increased  or  diminished  by  a 
condition  of  digestion  or  abstinence.  1 his  was  indicated  in  seieial 
instances  by  the  observations  of  Jiirgensen  upon  man,  but  is  shown  in 
a very  marked  degree  by  those  of  Senator  upon  the  dog,  in  w hick  the 
average  production  of  heat  was  sensibly  diminished  by  continued  fast- 
ing and  increased  by  the  digestion  of  food.  The  following  table  shows 
the  quantity  of  heat  produced  by  the  same  animal,  in  the  conditions  of 
abstinence  and  digestion. 


Quantity  of  Heat  produced  by  the  T)og 

After  two  days’  fasting  . 

After  one  day’s  fasting  . 

Fed  one  hour  previously  . 


IN  ONE  HOUR. 

10.90  heat  units. 

12.63 

18.87 


1 Die  Korperwarme  dcs  gesunden  Menschen.  Leipzig,  18 1 3, 
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As  the  production  of  heat  in  the  body  can  only  take  place  by  the  con- 
sumption or  change  of  combination  of  its  ingredients,  it  is  evident  that 
in  continued  abstinence  from  food,  the  materials  susceptible  of  this 
change  must  be  constantly  diminishing  in  quantity  ; and  the  animal 
temperature  accordingly,  like  other  vital  phenomena,  becomes  depressed 
from  a deficiency  in  the  sources  of  its  supply. 

Mode  of  Production  of  Animal  Heat. 

In  all  instances,  so  far  as  observation  has  gone,  the  production  of 
heat  in  living  organisms  is  in  proportion  to  the  activity  of  the  internal 
changes  going  on  in  the  body.  These  changes  are  more  especially  and 
constantly  indicated  by  the  absorption  of  oxygen  and  the  exhalation 
of  carbonic  acid  in  respiration.  Even  in  the  vegetable  kingdom,  it  is 
demonstrated  by  the  researches  of  physiological  botanists  that  the  ab- 
sorption of  oxj'gen  in  plants  is  always  accompanied  both  by  the  pro- 
duction of  carbonic  acid  and  by  the  evolution  of  heat ; and  the  quantity 
of  heat  produced  is  greatest  at  the  time  when  those  processes  are  going 
on  which,  like  germination  and  flowering,  are  accompanied  by  the  most 
active  absorption  and  exhalation  of  oxygen  and  carbonic  acid  respec- 
tively. 

The  same  thing  is  manifest  in  the  different  classes  of  the  animal  king- 
dom. Birds  and  mammalians,  where  respiration  is  most  active,  have 
also  the  highest  temperature ; while  in  reptiles  and  fish  the  respiratory 
process  is  more  sluggish,  and  the  production  of  heat  at  the  same  time 
less  abundant.  A very  close  connection  between  the  two  phenomena  is 
observable  in  hibernating  animals,  in  which,  during  the  winter  sleep, 
respiration  becomes  comparatively  inactive  and  the  bodily  temperature 
is  also  reduced  to  a very  low  standard.  In  the  observations  of  Horvath1 
on  the  respiration  of  marmots,  he  found  that  these  animals  during  cold 
weather  are  plunged  in  a profound  stupor  in  which  the  movements  of 
respiration  are  exceedingly  infrequent  and  sometimes  hardly  perceptible. 
At  certain  intervals  the  animals  awake  for  a short  time,  after  which 
they  again  return  to  the  state  of  insensibility.  Horvath  found  that  the 
internal  temperature  of  the  marmot,  when  awake,  was  from  35°  to  31°; 
while,  in  the  hibernating  condition,  it  was  reduced  to  10°,  9°,  or  even 
to  2°,  according  to  that  of  the  surrounding  air.  On  awakening,  the  tem- 
perature of  the  body  rapidly  rises.  In  one  animal,  the  internal  tempera- 
ture during  sleep  was  from  9°  to  10° ; but  on  awakening  it  rose  at  the 
end  of  an  hour  to  12°,  in  two  hours  to  11°,  and  in  two  hours  and  a half 
to  32°.  Respiration  also  becomes  increased  in  activity  to  a similar 
degree.  A marmot  weighing  153  grammes  produced,  while  in  the 
comatose  condition,  0.015  gramme  of  carbonic  acid  per  hour ; and  two 
days  afterward,  when  awake,  produced  0.513  gramme  in  the  same  time, 
that  is,  more  than  thirty  times  as  much  as  when  in  the  state  of  hiberna- 
tion. 


1 Revue  des  Sciences  M6dicales.  Paris,  1873,  tome  i.  p.  59. 
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These  and  similar  facts  point  to  so  close  a relation  between  the 
intensity  of  respiration  and  that  of  heat-production,  that  the  one  of 
these  processes  may  be  taken,  in  general  terms,  as  the  measure  of  the 
other ; particularly  as  respiration  consists  in  the  absorption  of  oxygen 
and  the  exhalation  of  carbonic  acid,  and  as  we  know  that  the  oxidation 
of  carbonaceous  matters,  outside  the  body,  is  one  of  the  readiest  means 
for  the  production  of  heat. 

This  connection,  however,  is  not  an  immediate  one,  nor  can  we  con- 
sider the  production  of  heat  in  the  living  body  as  a result  of  simple 
oxidation.  We  have  already  seen  in  the  preceding  chapter  that  the 
formation  of  carbonic  acid  is  not  due  to  direct  oxidation,  since  it  will 
go  on  in  the  tissues  without  the  immediate  presence  of  oxygen.  Re- 
spiration is  essential  to  all  the  phenomena  of  animal  life,  and  may  be 
taken  as  the  criterion  of  vital  activity  in  general.  The  production  of 
heat  is  one  of  these  phenomena,  and,  like  the  rest,  increases  or  dimin- 
ishes in  intensity  with  that  of  respiration ; but  it  cannot  be  said  to 
depend  upon  respiration  in  any  peculiar  or  exclusive  manner. 

The  Evolution  of  Heat  and  the  Products  of  Respiration  not  strictly 
proportional.  — Furthermore,  notwithstanding  the  general  relation  in 
activity  between  the  two  functions,  if  an  accurate  comparison  be  made 
between  the  quantity  of  heat  produced,  under  different  circumstances, 
and  that  of  oxygen  absorbed  or  of  carbonic  acid  exhaled,  they  are 
found  not  to  correspond  exactly  with  each  other.  In  the  experiments 
of  Senator  on  the  bodily  temperature  in  dogs,  it  was  shown  that  the 
evolution  of  heat  and  the  production  of  carbonic  acid  do  not  follow  the 
same  rate  of  increase.  They  are  both  augmented  during  digestion,  but 
the  production  of  carbonic  acid  never  in  the  same  degree  with  that  of 
heat.  An  examination  of  the  averages  obtained  in  three  series  of  obser- 
tions  gives  the  following  result : 


Quantities  of  Heat  and  of  Carbonic  Acid  produced  by  the 

Condition  Carbonic  acid  in 

of  the  animal.  grammes.  Heat  units. 


f Fasting  . 

Dog  No.  1 1 jn  digestion 
f Fasting  . 

Dog  No.  2 | ju  digestion 
f Fasting  . 

Dog  No.  3 | jn  digestion 


. 3.455 

12.630 

. 5.013 

18.875 

. 4.405 

16.500 

. 4.837 

19.390 

. 3.154 

16.880 

. 3.846 

21.960 

Dog  in  one  hour. 

Proportion 
between  the  two. 

1 to  3.65 
1 to  3.76 
1 to  3.72 
1 tu  4.01 
1 to  5.35 
1 to  5.71 


Thus  the  proportion  of  carbonic  acid  formed  to  the  heat  produced  is 
different  in  the  three  animals  when  compared  with  each  other  in  the 
same  condition ; and  it  also  varies  in  each  animal  under  the  different 

conditions  of  fasting  and  digestion. 

In  the  experiments  of  the  same  observer  on  the  effect  exerted  by  arti- 
ficial cooling  on  the  animal  body,  he  found  that  under  the  influence  of  a 
low  temperature  the  actual  production  of  heat  in  dogs  was  never  in- 
creased, but  was  usually  perceptibly  diminished;  while  that  of  carbonic 
acid  was  generally  somewhat  increased  and  never  diminished. 
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It  is  evident,  accordingly,  that  the  evolution  of  heat  in  the  living 
animal  is  due  to  other  causes  than  those  which  result  in  the  immediate 
production  of  carbonic  acid.  Even  outside  the  body  a notable  elevation 
of  temperature  may  be  produced  by  the  hydration  of  quicklime,  the 
mixture  of  alcohol  and  water,  or  of  sulphuric  acid  and  water,  as  well 
as  other  chemical  or  physical  actions  in  which  direct  oxidation  does  not 
take  part.  Many  analogous  changes  may  take  place  in  the  process  of 
internal  nutrition,  from  which  a part,  at  least,  of  the  animal  heat  origin- 
ates in  the  living  body. 

Local  Production  of  Heat  in  the  Organs  and  Tissues.— Although 
the  living  body,  as  a whole,  presents  a certain  standard  temperature, 
the  production  of  heat  takes  place  separately  in  each  organ  and  tissue 
by  the  changes  of  nutrition  which  go  on  in  its  substance.  This  is 
shown  by  the  fact  that  each  separate  organ  has  a special  temperature 
of  its  own,  which  increases  or  diminishes  according  to  its  condition  of 
activity  or  repose.  A very  considerable  quantity  of  heat  is  thus  pro- 
duced in  the  substance  of  the  muscles.  The  experiments  of  Becquerel 
and  Breschet  on  the  brachialis,  in  man,  showed  the  temperature  of  this 
muscle  in  repose  to  be  36.5°  ; while,  after  repeated  and  energetic  flexion, 
it  was  from  31°  to  37.5°.  Bernard,1  by  placing  thermo-electric  needles 
in  the  two  gastrocnemii  muscles  of  the  dog,  after  section  of  the  spinal 
cord  to  prevent  voluntary  movements,  found  the  temperature  of  the 
muscles  on  the  two  sides  to  be  sensibly  equal ; but  on  producing  con- 
traction by  galvanizing  one  of  the  sciatic  nerves,  the  temperature  of 
the  muscle  on  that  side  rose  from  0.1°  to  0.2°,  at  the  same  time  that 
the  venous  blood  of  the  muscle  became  darker  in  hue.  Since  the 
muscles  constitute  so  large  a part  of  the  mass  of  the  body,  it  is  easy  to 
understand  how  continuous  muscular  exertion  should,  after  a time, 
produce  a general  elevation  of  temperature.  In  the  muscles,  during 
contraction,  the  increase  in  warmth  is  always  accompanied  by  a greater 
consumption  of  oxygen,  and  consequently  by  a darker  color  of  the 
venous  blood. 

Heat  is  also  produced  in  the  glandular  organs  when  in  active  secre- 
tion, as  shown  by  comparing  the  temperature  of  the  arterial  blood  enter- 
ing with  that  of  the  venous  blood  leaving  the  glandular  tissue.  Under 
these  circumstances  the  venous  blood  coming  from  the  gland  is  warmer 
than  the  arterial  blood  with  which  it  is  supplied.  According  to  the 
observations  of  Bernard  upon  the  submaxillary  gland  of  the  dog,  while 
the  gland  is  in  repose,  the  circulation  through  its  tissue  is  slow,  its 
venous  blood  scanty  and  very  dark-colored,  and  the  oxygen  of  the  arte- 
rial blood  is  reduced,  in  traversing  the  organ,  to  40  per  cent,  of  its 
original  quantity ; but  when  the  gland  is  excited  to  active  secretion,  its 
circulation  is  increased  in  rapidity,  its  venous  blood  is  more  abundant 
and  of  a brighter  color,  its  oxygen  being  only  reduced  to  61  per  cent, 
of  that  contained  in  the  arteries.  At  the  same  time  its  temperature 

1 Revue  Scientifique.  Paris,  1871,  No.  I.,  p.  10G4. 
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rises,  notwithstanding  the  consumption  of  oxygen  is  less  than  in  the 
condition  of  glandular  repose. 

A similar  elevation  of  temperature  is  shown  by  the  blood  while  tra- 
versing the  capillary  circulation  of  the  intestine  and  of  the  livei.  I he 
following  tables  give  the  results  of  two  series  of  observations  by  Lei- 
nard  on  the  temperature  of  the  blood  entering  and  leaving  these  two 
organs  in  the  dog : 


Temperature  op  the  Blood  in  the 
Aorta.  Portal  Vein. 


36.8° 

40.3° 

39.4° 

Portal  Vein. 

40.2° 

40.6° 

40.7° 


38.8° 

40.7° 

39.5° 

Hepatic  Vein. 

40.6° 

40.9° 

40.9° 


Thus  the  blood  of  the  hepatic  vein,  after  traversing  two  successive 
capillary  circulations,  is  warmer  than  that  drawn  from  any  other  part 

of  the  body.  _ 

Even  in  the  kidneys,  when  the  secretion  of  urine  is  actively  going  on, 

there  is  a rise  of  temperature  in  the  blood  of  the  renal  veins.  At  the 
same  time,  as  in  the  submaxillary  glands,  the  circulation  is  increased  in 
activity,  the  venous  blood  leaves  the  organ  of  a bright  red  color,  and  its 
proportion  of  oxygen,  according  to  Bernard,  is  only  reduced  to  88  per 
cent,  of  that  contained  in  the  arteries,  while  in  the  condition  of  glandular 

repose  it  is  reduced  to  83  per  cent. 

The  production  of  heat,  therefore,  is  accomplished  m the  diffeie 
organs  of  the  body  with  different  degrees  of  intensity  according  to  the 
special  nature  of  the  act  of  nutrition  in  each  one.  In  the  muscles  it  is 
accompanied  by  an  increased  consumption  of  oxygen  and  a deepei 
coloration  of  the  venous  blood;  in  the  salivary  glands  and  the  kidneys 
by  a diminished  consumption  of  oxygen  and  a less  complete  c^nge  ii 
the  color  of  the  blood.  The  blood  coming  from  each  organ  has  a hig 
temperature  in  proportion  to  the  activity  of  heat-production  in  t 
organ  itself ; and  thus  the  temperature  of  the  venous  blood  varies 
different  parts  of  the  circulatory  system,  while  that  of  the  artenal  b o 
is  everywhere  sensibly  the  same. 

Cooling  of  the  Blood  in  its  Passage  through  the  Lungs  and  Skin. 
While  in  the  other  internal  organs  the  blood  is  warmed  during  its  pass- 
age through  the  capillary  vessels,  in  the  lungs  its  temperature  is  slightly 
diminished  This  fact,  which  has  been  alternately  asserted  and  denied, 
owing  to  the  difficulties  of  exact  observation  without  introducing  other 
causes  of  a change  of  temperature,  has  been  abundantly  confirmed  by  th 
more^ecent  observations^  Bering,  Bernard,  ^ 

nml  Strieker  and  Albert.  That  of  Bering  was  made  upon  a y oun  cal  , 
good  condition,  but  presenting  the  ^formation  of  ectopra 
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cordis,  by  which  the  heart  was  withdrawn  from  the  immediate  contact 
of  other  organs,  and  in  which  case  the  blood  of  the  right  ventricle  had 
a temperature  of  89.37°,  that  of  the  left  ventricle  38.75°.  Heidenhain 
and  Korner,1  in  94  observations  on  the  dog,  partly  with  the  use  of  thermo- 
electric needles  and'  partly  with  the  mercurial  thermometer,  found  the 
temperature  of  the  blood  on  the  two  sides  of  the  heart  equal  in  only 
one  instance.  In  all  the  others,  it  was  higher  on  the  right  side  than  on 
the  left,  by  0.1°  to  0.6°.  Bernard,2  who  first  demonstrated  this  difi'er- 
ence  by  the  mercurial  thermometer,  has  shown  it  also  by  the  use  of 
thermo-electric  needles,  introduced  into  the  right  and  left  ventiicles  of 
the  dog’s  heart,  through  the  jugular  vein  and  carotid  artery  respectively  ; 
always  finding  the  blood  in  the  right  ventricle  warmer  than  that  m the 
left.  According  to  these  observations,  the  difference  in  temperature  may 
amount  in  the  fasting  animal  to  0.174°,  during  digestion  to  0.232  . 
Although  during  digestion  the  temperature  ot  the  blood  generally  is 
higher  than  in  the  fasting  condition,  the  difference  between  the  tvvo 
sides  of  the  heart  continues  to  show  itself  in  the  same  direction. 

The  diminution  in  temperature  of  the  blood  while  passing  through  the 
lungs  is  usually  attributed  to  the  physical  influence  of  the  cooler  air  in 
the  pulmonary  cavities  and  to  that  of  the  vaporization  of  watery  fluid. 
As  the  air  expelled  by  respiration  is  warmer  than  when  introduced  into 
the  lungs,  it  must  withdraw  a certain  amount  of  heat  from  the  internal 
parts;  and  as  it  contains,  furthermore,  watery  vapor  disengaged  from  the 
lungs,  the  vaporization  of  this  fluid  must  also  reduce  the  temperature  ot 
the  respiratory  organs.  Whether  the  cooling  influence  of  these  causes 
is  more  or  less  than  sufficient  to  account  fully  for  the  difference  in  the 
blood  on  the  two  sides  of  the  heart  has  not  been  determined.  It  is  pos- 
sible that  heat  is  also  produced  in  the  lungs,  as  in  the  other  internal 
organs  ; but  that  the  whole  of  it,  and  a little  more,  is  consumed  by  the 
influence  of  the  air  upon  the  pulmonary  membrane.  It  is  evident,  how- 
ever, that  physical  conditions  exist  in  the  lungs  which  must  cause  the 
disappearance  of  more  or  less  sensible  heat ; and  it  is  certain  that  the 
blood,  in  point  of  fact,  diminishes  slightly  in  temperature  while  passing 
through  the  pulmonary  circulation. 

In  the  cutaneous  circulation  the  same  physical  causes  exist  for  a cool- 
ing effect  on  the  blood  as  in  the  lungs ; namely,  the  contact  of  the  skin 
with  the  cooler  air,  and  the  vaporization  of  the  watery  fluid  supplied  by 
perspiration.  It  is  for  this  reason,  as  already  mentioned,  that  the  super- 
ficial parts  of  the  body  have  a normal  temperature  somewhat  below  that 
of  the  interior ; and  accordingly  the  blood,  after  passing  through  the 
vessels  of  the  integument,  returns  to  the  centre  with  its  temperature 
slightly  diminished.  There  is  every  reason  to  believe  that  the  tissues 
of  the  skin  and  subjacent  parts  evolve  a certain  amount  of  heat  by  their 
own  nutritive  changes  ; but  the  heat  thus  produced,  as  in  the  case  ol  the 

1 Archiv  flir  die  Gesammte  Physiologie.  Bonn,  1871,  Band  iv.  p.  558. 

2 Revue  Scientifique.  Paris,  1871,  No.  1,  p.  946. 
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lungs,  being  rather  more  than  counterbalanced  by  that  lost  from  the 
surface,  the  total  effect  upon  the  circulating  fluid  is  a lowering  of  its 
temperature.  The  amount  of  warmth  thus  lost  will  vary  with  the  degree 
of  external  cold  and  other  conditions  of  the  atmosphere  which  influence 
the  rapidity  of  the  abstraction  of  heat. 

Local  Elevation  of  Temperature  by  increased  Circulation. — If  the 
circulation  be  increased  in  any  part  of  the  external  integument,  the 
immediate  effect  produced  is  a local  rise  of  temperature.  This  was  first 
shown  by  Bernard  in  his  experiments  upon  division  of  the  sympathetic 
nerve  on  one  side  of  the  neck.  If  this  operation  be  performed  upon  the 
rabbit,  the  consequence  is  a relaxation  of  the  bloodvessels  in  the  cor- 
responding side  of  the  head,  an  increased  vascularity  of  the  parts,  most 
readily  seen  in  the  semi-transparent  tissues  of  the  ear,  and  a higher 
temperature,  readily  perceptible  both  by  the  touch  and  the  thermometer. 
In  a rabbit,  after  section  of  the  sympathetic  nerve  upon  the  right  side 
of  the  neck,  the  temperature  of  the  corresponding  ear,  as  indicated  by 
the  thermometer,  was  increased  from  25°  to  32°;  and  the  difference 
between  the  two  sides  is  usually  more  marked  as  the  external  air  is 
colder.  Since  the  superficial  parts  of  the  body  are  habitually  cooler 
than  the  internal  on  account  of  their  exposure  to  the  air,  and  as  they 
are  constantly  supplied  with  warm  blood  from  the  interior,  their  actual 
temperature  will  be  increased  in  proportion  to  the  amount  of  blood  cir- 
culating through  their  vessels.  The  local  rise  of  temperature  in  these 
instances  is  a passive  one,  the  exposed  tissues  being  warmed  at  the 
expense  of  the  blood  coming  from  the  internal  organs.  No  more  heat 
is  actually  produced  in  the  body  than  usual,  and  the  cooling  effect  of  the 
air  upon  the  whole  system  is  unchanged ; but  it  is  less  perceptible  in 
the  part  subjected  to  experiment,  because  it  receives  a larger  quantity 
of  heat  from  the  interior  owing  to  the  increased  volume  of  blood  passing 
through  it  in  a given  time. 

This  influence  of  the  circulation  upon  the  temperature  of  the  external 
parts  has  been  shown  by  Dr.  Wier  Mitchell1  by  observations  upon  the 
human  subject.  If  the  hand  and  arm  be  held  for  some  moments  above 
the  head,  emptied  as  fully  as  possible  of  blood,  and  a tourniquet  then 
applied  to  the  arm  in  such  a way  as  to  check  the  circulation,  the  tem- 
perature of  the  hand  falls  0.55°.  If,  on  the  contrary,  the  circulation  be 
left  unimpeded,  and  a freezing  mixture  applied  to  the  elbow,  sufficient 
to  chill  the  ulnar  nerve,  when  sensation  has  become  entirely  abolished 
the  temperature  of  the  corresponding  hand  rises  from  1.10°  to  2.20°. 
But  if  the  arm  be  first  emptied  of  blood  as  before,  the  tourniquet  applied, 
and  the  ulnar  nerve  then  chilled  to  insensibility,  the  temperature  of  the 
hand  no  longer  rises,  but  falls,  as  in  the  former  experiment,  0.55°. 

In  the  internal  or  glandular  organs,  on  the  other  hand,  when  ex- 
cited to  functional  activity,  the  rise  of  temperature  is  an  active  one, 
taking  place  in  the  substance  of  the  gland  itself;  since  the  blood 

i Archives  of  Scientific  and  Practical  Medicine.  New  York,  1873,  vol.  i.  p.  354. 
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passing  through  these  organs  becomes  warmer  instead  of  cooler,  and 
receives  heat  from  the  changes  taking  place  in  the  glandular  tissue. 

Equalization  of  Temperature  by  the  Circulation. — As  the  production 
of  heat  is  a local  process  in  each  separate  organ  or  tissue,  varying  in 
intensity  with  the  nature  of  the  nutritive  changes  in  different  parts,  the 
blood,  as  we  have  seen,  acquires  a higher  temperature  in  some  organs 
than  in  others  ; and  in  the  lungs  and  skin  its  heat  actually  diminishes 
instead  of  increasing.  If  it  remained  at  rest,  these  differences  of  tem- 
perature would  no  doubt  be  more  marked  than  they  are  at  present.  But 
as  the  blood  is  in  constant  motion,  passing  from  the  circumference  to 
the  centre,  and  being  again  distributed  from  the  centre  to  the  circum- 
ference, the  effect  of  this  movement  of  circulation  is  to  equalize  to  a 
considerable  degree  the  temperature  of  different  parts  of  the  body.  The 
venous  blood  coming  from  the  general  integument  with  a diminished 
temperature  is  mingled  with  that  of  the  muscular  system,  which  has 
become  warmed  during  its  capillary  circulation.  The  blood  of  the 
hepatic  veins,  which  is  the  warmest  of  all,  joins  the  current  of  the  inferior 
vena  cava,  returning  from  the  pelvic  organs  and  the  inferior  extremities. 
This  is  again  mingled,  at  its  entrance  into  the  right  cavities  of  the  heart, 
with  the  slightly  cooler  column  of  blood  descending  from  the  head  and 
upper  extremities  by  the  superior  vena  cava.  The  whole  volume  of  the 
blood  then  passes  through  the  lungs,  with  the  effect  of  still  further 
moderating  its  temperature  ; and  the  arterial  blood  is  then  distributed 
to  the  various  parts  of  the  body,  to  gain  warmth  in  some  of  them  and  to 
lose  it  in  others,  and  again  mingled  after  a few  seconds  at  the  centre 
of  the  circulation.  Thus  the  superabundant  heat  of  certain  organs, 
where  its  production  is  most  active,  is  constantly  transferred  to  others 
by  the  moving  column  of  the  blood ; and  a certain  equilibrium  or  standard 
of  temperature  is  thus  established  for  the  body  as  a whole.  It  is  found, 
by  the  observations  of  Jiirgensen,  that  this  standard  temperature  for 
the  human  body,  as  measured  in  the  rectum,  varies  within  very  narrow 
limits,  from  day  to  night,  and  even  at  successive  periods  of  each  division 
of  the  twenty-four  hours.  These  normal  fluctuations  are  no  doubt  owing 
to  the  greater  or  less  activity,  at  different  times,  of  different  internal 
organs ; the  total  amount  of  heat  produced  being  increased  or  dimin- 
ished with  the  pi-eponderating  influence  of  organs  in  which  it  is  more  or 
less  rapidly  generated. 

Regulation  of  the  Animal  Temperature. 

A certain  temperature  is  not  only  the  result  of  the  vital  actions ; it  is 
also  necessary  to  their  accomplishment.  Even  in  the  vegetable  king- 
dom this  temperature,  which  varies  within  moderate  limits  in  different 
kinds  of  plants,  is  requisite  for  all  the  phenomena  of  growth  and  vitality. 
A seed  sown  in  the  most  productive  soil  does  not  germinate  until  it 
feels  the  influence  of  the  necessary  warmth ; and  its  germination  is  also 
impossible  if  it  be  exposed  to  a heat  which  is  too  intense.  The  degrees 
both  of  heat  and  cold  which  favor  or  arrest  the  functions  of  vegetation 
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have  been  in  many  instances  accurately  determined.  According  to  the 
experiments  of  Sachs,  the  limits  of  germination  for  wheat  and  bailey 
are  between  5°  and  38°,  and  for  Indian  corn  between  9°  and  42  . ihe 
irritability  and  periodic  movements  ol  the  sensitive-plant  do  not  show 
themselves  unless  the  temperature  of  the  surrounding  air  be  abo\  e 1 5 . 
In  air  at  48°  to  50°,  on  the  other  hand,  the  leaflets  become  rigid  in  a 
few  moments,  though  they  may  afterward  recover  if  the  temperature  be 
moderated-  while  a heat  of  52°  permanently  destroys  their  vitality. 
Thus  no  vegetative  function  can  come  into  activity,  unless  the  tempera- 
ture of  the  plant  reaches  a certain  degree  above  the  freezing  point;  and 
it  ceases,  furthermore,  if  the  temperature  rise  above  another  determinate 
degree,  which  cannot  for  any  considerable  time  exceed  50°.  W ithin 
these  two  limits,  also,  every  vegetable  function  has  a special  tempera- 
ture at  which  it  is  most  active;  diminishing  in  intensity  both  above 
and  below  this  point. 

Observation  shows  that  the  same  is  true  of  the  animal  functions. 
Each  species  of  animal  has  a definite  bodily  temperature,  and  this  tem- 
perature cannot  be  raised  or  lowered  beyond  certain  limits  without 
arresting  the  phenomena  of  life.  Mammalians,  whose  normal  tempera- 
ture is  from  37°  to  40°,  become  insensible  and  soon  die,  when  cooled 
down  to  18°  or  20°,  which  is  the  natural  standard  for  reptiles  and  fish; 
while  a frog  is  soon  killed  by  being  kept  in  water  at  38°.  On  the  other 
hand,  mammalians  die  when  their  blood  and  internal  organs  are  heatec 
up  to  45°,  which  is  precisely  the  normal  temperature  of  birds;  and 
birds  themselves  are  fatally  affected  when  their  internal  temperature  is 
raised  to  48°  or  50°.  In  every  case  the  vital  functions  are  seriously 
disturbed  by  a very  moderate  change  in  the  actual  temperature  of  the 
bodily  organs ; and  in  the  mammalians,  as  a general  rule,  death  follows 
when  this  change  amounts  to  an  elevation  of  6°  or  7°,  or  to  a depres- 
sion of  20u. 

In  the  human  subject,  in  febrile  affections,  the  rise  of  temperature,  as 
measured  in  the  axilla,  yields  a very  accurate  criterion  of  the  gravity  o 
the  disease.  An  increase  of  this  temperature  from  36.6"  to  37 .5  or  38^ 
indicates  a mild  form  of  the  malady;  but  an  increase  to  40°  or  40. h 
shows  that  the  attack  is  severe.  Above  40.5°  it  is  a symptom  of  grea 
danger ; and  when  the  temperature  rises  to  42.5°  or  43°  a fatal  result  is 

almost  inevitable.1  , 

Effects  of  Lowering  the  Temperature  of  the  Animal  Body.— if  a 
warm-blooded  animal  be  exposed  to  cold  in  such  a way  as  to  abstract 
the  internal  heat  faster  than  it  can  be  produced,  the  effect  is  a general 
and  continuous  depression  of  the  vital  functions.  After  a short  period 
of  pain  in  the  more  exposed  and  sensitive  parts,  the  skin  becomes 
insensible,  the  muscles  lose  their  contractile  energy,  the  movements  of 
respiration  diminish  in  frequency,  and  the  nervous  system  becomes  more 
and  more  inactive.  In  the  human  subject  a marked  sluggishness  o 

i Flint,  Principles  and  Practice  of  Medicine.  Philadelphia,  1868,  p.  109. 
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mincl  and  a disposition  to  sleep  have  been  observed  as  among  the  symp- 
toms of  long  continued  and  dangerous  exposure  to  unusually  low  tem- 
peratures. 

The  local  effects  of  cold  upon  the  nervous  tissues  in  man  have  been 
shown  by  the  experiments  of  Dr.  Weir  Mitchell,1  in  chilling  the  ulnar 
nerve  at  the  elbow  by  the  application  of  a freezing  mixture.  This  at 
first  produces  pain  in  the  hand,  subsequently  followed  by  loss  of  sensi- 
bility and  motive  power  in  the  parts  corresponding  with  the  distribu- 
tion of  the  nerve. 

The  general  effects  of  a lowered  temperature  result  from  its  combined 
influence  upon  all  the  separate  organs  and  tissues.  According  to  the 
observations  of  Bernard,  if  the  body  of  a rabbit  or  a guinea-pig  be  sur- 
rounded by  snow  or  ice  so  as  to  prevent  spontaneous  motion  and  to 
cause  a continuous  abstraction  of  heat,  the  temperature,  as  taken  in 
the  rectum,  gradually  falls  from  38°  to  30°,  25°,  20°,.  and  18c.  When 
the  depression  of  the  bodily  temperature  has  reached  this  point,  the 
animal  is  insensible  and  paralyzed,  and  the  respiration  feeble  and  infre- 
quent. The  heat-producing  power  is  also  lost,  so  that  if  the  animal  be 
withdrawn  from  the  cooling  mixture  and  kept  in  the  air  at  10°  or  12°, 
the  temperature  of  the  body  continues  steadily  to  diminish,  and  death 
takes  place  after  a short  time. 

But  when  in  this  condition  of  depression  and  insensibility,  although 
most  of  the  vital  actions  are  suspended,  and  the  animal  has  lost  the 
power  of  maintaining  his  own  temperature,  if  he  be  supplied  with  arti- 
ficial warmth  up  to  a certain  point,  he  may  regain  his  vitality,  and  the 
processes  of  life  be  again  put  in  operation.  The  respiration,  which 
was  reduced  to  a minimum  by  the  continued  action  of  cold,  becomes 
increased  in  rapidity  as  the  body  is  artificially  warmed,  and  the  func- 
tions of  the  nervous  and  muscular  systems  are  also- finally  restored. 

A striking  example  of  the  temporary  suspension  of  the  bodily  func- 
tions by  cold  is  presented  by  the-  hibernating  animals , as  marmots  and 
some  species  of  squirrels,  which  pass  into  a condition  of  torpor  during 
the  winter,  becoming  insensible,  unconscious,  and  immovable,  while 
at  the  same  time  respiration  is  nearly  imperceptible,  and  the  bodily 
temperature  sinks  to  10°,  8°,  or  even  2°.  Life,  however,  is  not  abol- 
ished but  only  held  in  abeyance ; and  with  the  return  of  spring  all  the 
functions  resume  their  activity.  A hibernating  animal  is-  accordingly 
somewhat  in  the  condition  of  a seed,  which  remains  in  the  ground  over 
winter,  with  its  vitality  dormant,  but  ready  to  come  into  action  when 
supplied  with  the  requisite  degree  of  warmth.. 

Effects  of  Elevating  the  Temperature  of  the  Animal  Body. — If  the 
temperature  of  the  body,  in  a living  animal,  be  artificially  raised  some 
degrees  above  the  normal  standard,  the  effects  are  quite  different  from 
those  produced  by  cold.  In  the  experiments  of  Bernard,  the  animals, 
both  birds  and  mammalians,  were  inclosed  in  a cage  with  heated  air ; 

1 Injuries  of  Nerves  and  their  Consequences.  Philadelphia,  1872,  p.  59. 
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the  air  being  sometimes  dry  and  sometimes  loaded  with  moisture,  but 
renewed  by  due  ventilation.  The  primary  effects  were  increased  fre- 
quency of  respiration  and  an  appearance  of  discomlort  and  agitation; 
and  finally  death  took  place  usually  with  convulsive  movements,  some- 
times accompanied  by  an  audible  cry.  The  fatal  result  was  more  rapidly 
produced  in  birds  than  in  mammalia.  Thus,  a rabbit  placed  in  the  cage 
with  dry  air  at  65°,  died  in  twenty  minutes;  and  a bird,  in  aii  at  the 
same  temperature,  died  in  four  minutes.  This  difference  is  no  doubt 
partly  due  to  the  greater  activity  of  the  circulation  in  birds,  by  which 
external  heat  is  more  rapidly  transferred  to  the  internal  oigans;  since 
the  same  observer  found  that  of  two  rabbits,  one  living  and  one  dead, 
placed  in  the  warm  cage  at  100°,  the  internal  temperature  of  the  living 
animal  became  sensibly  raised  sooner  than  that  ot  the  dead  one.  In  a 
medium  of  high  temperature,  therefore,  a fatal  amount  of  heat  reaches 
the  internal  organs  more  rapidly  by  means  of  the  circulation  than  by 
simple  conduction  through  the  solid  tissues. 

After  death  from  exposure  to  too  warm  an  atmosphere,  the  internal 
temperature  is  found  to  be  5°  or  6°  above  the  normal  standard;  the 
heart  is  motionless;  both  the  muscles  and  the  nerves  are  insensible  to 
the  stimulus  of  galvanism ; and  lastly,  cadaveric  rigidity  is  established 
with  unusual  promptitude.  In  many  instances  the  blood  is  found  dark- 
colored  in  the  arterial  as  well  as  in  the  venous  system ; but  this  is  a 
post-mortem  change,  since  observation  shows  that  the  aiteiial  blood 
continues  red  so  long  as  life  lasts,  while  its  oxygen  disappears  and  its 
color  darkens  with  great  rapidity  after  the  stoppage  of  respiration.  The 
appearances  indicate  that  an  unnaturally  high  temperature  produces 
death  by  hastening,  in  an  undue  degree,  the  chemical  changes  taking 
place  in  the  tissues  and  fluids,  in  such  a manner  that  their  vitality  is 
rapidly  exhausted  and  can  no  longer  be  maintained  by  the  usual  pro- 
cesses of  nutrition. 

Resistance  of  the  Living  Body  to  Low  External  Temperature.— Since 
an  actual  depression  of  the  temperature  of  the  body  is  followed  by  such 
serious  results,  and  as,  in  point  of  fact,  its  temperature  is  maintained  in 
health  at  the  normal  standard,  notwithstanding  exposure  to  varying 
degrees  of  cold,  it  is  evident  that  the  living  organism  possesses  the 
power  of  increased  production  of  internal  heat,  to  compensate  for  the 
greater  loss  without.  In  the  experiments  of  Senator  on  the  abstraction 
of  warmth,  by  confining  dogs  in  close  cages  surrounded  by  a cold  me- 
dium, it  was  found  that  the  total  amount  of  heat  produced  by  the  ani- 
mal was  not  increased.  But  in  these  cases  the  animals  were  placed 
under  conditions  by  which  their  natural  movements  were  prevented, 
and  the  results  obtained  were  due  to  simple  cooling  of  the  body,  with- 
out the  action  of  compensating  causes.  In  the  natural,  unconfined  con- 
dition the  effect  is  different.  It  is  a matter  of  common  observation, 
that  the  influence  of  moderate  external  cold,  if  not  too  long  continued, 
produces  a sense  of  warmth  and  increased  vigor,  instead  of  depression. 
The  atmosphere  of  a winter’s  day,  or  a cold  shower  bath,  acts  as  a 
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stimulant  to  vital  processes ; and,  even  although  the  exposed  parts  of 
the  skin  may  be  reduced  considerably  below  their  normal  temperature, 
the  body,  as  a whole,  does  not  experience  a loss  of  warmth,  but  main- 
tains its  natural  condition  of  vitality.  It  is  certain  that  under  these 
circumstances  more  heat  than  usual  must  be  produced  from  the  influ- 
ence of  external  cold. 

The  mode  in  which  this  result  is  accomplished  has  not  been  deter- 
mined with  precision  by  experimental  means.  It  is  plain  that  the 
nervous  s}rstem  has  its  share  in  the  mechanism  of  the  process,  perhaps 
by  directly  stimulating  the  molecular  changes  which  produce  the  evolu- 
tion of  animal  heat.  There  are,  however,  two  sources  of  heat  supply, 
which  evidently  play  an  important  part  in  maintaining  the  temperature 
of  the  body  when  exposed  to  cold. 

The  first  of  these  is  muscular  activity.  It  has  been  shown  that  the 
muscles  produce  a considerable  quantity  of  heat  in  their  own  tissue,  and 
that  this  quantity  is  increased  by  the  contraction  of  the  muscular  fibres. 
The  total  production  of  heat,  therefore,  for  the  whole  body,  must  be 
considerably  augmented  when  all  the  voluntary  muscles  are  thrown  into 
a condition  of  unusual  functional  activity.  Experience  shows  that  this 
is,  in  fact,  one  of  the  requisite  conditions  of  resistance  to  cold.  The 
stimulus  of  the  cool  air  upon  the  skin  excites  the  desire  for  active  move- 
ment, and  muscular  exercise  produces  a compensating  quantity  of 
internal  heat.  But  if  the  body  be  exposed  to  even  moderate  winter 
weather  without  voluntary  motion,  it  must  either  be  protected  by  an 
unusual  quantity  of  clothing,  or  it  will  soon  feel  the  depressing  effect 
of  a loss  of  its  animal  heat. 

Secondly,  the  increased  production  of  warmth,  when  required,  is  pro- 
vided for  by  an  increased  supply  of  food.  The  materials  for  the  chemical 
changes  requisite  for  heat-production  are  supplied  directly  by  the  tissues 
or  the  blood,  but  primarily,  of  course,  from  the  ingredients  of  the  food. 
Even  a recent  ingestion  of  food,  as  shown  in  the  experiments  of  Senator, 
increases  perceptibly  the  amount  of  heat  generated,  in  the  dog,  within 
a given  time ; and  for  longer  periods,  the  influence  of  an  ample  or  a 
scanty  supply  is  abundantly  manifest.  In  animals  which  are  scantily 
fed  or  ill  nourished,  the  capacity  for  resistance  to  cold  is  much  less  than 
in  those  which  are  in  good  condition  and  which  have  received  a suffi- 
cient quantity  of  food.  The  immediate  effect  of  a moderate  exposure 
to  cold  in  the  healthy  condition,  is  to  increase  the  appetite.  A larger 
quantity  of  food  is  habitually  taken  during  the  winter  than  during  the 
summer  season ; and  among  the  inhabitants  of  northern  and  arctic 
regions,  the  daily  consumption  of  food  is  much  greater  than  in  the 
temperate  and  tropical  climates. 

It  is  not  necessary  to  assume  that  the  food,  thus  required  for  main- 
taining a greater  heat-production,  is  directly  employed  to  furnish  the 
necessary  warmth  by  its  consumption.  The  heat  is  no  doubt  generated 
from  the  activity  of  all  the  nutritive  changes  in  the  different  tissues  of 
the  body,  and  these  changes  are  enabled  to  continue  indefinitely  only  by 
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a supply  of  food  sufficiently  ample  to  provide  for  the  material  demands 
of  the  animal  system. 

Resistance  of  the  Living  Body  to  High  External  Temperature. — It 
has  been  seen  that,  in  the  human  subject  and  the  warm-blooded  animals 
generally,  an  actual  rise  in  the  bodily  temperature  of  6°  or  1°  is  certainly 
fatal ; and  yet  the  body  may  be  exposed,  as  shown  by  repeated  observa- 
tions, to  much  higher  degrees  of  heat  without  any  injurious  result. 
According  to  Dr.  Carpenter,  the  temperature  of  the  air,  in  many  parts 
of  the  tropical  zone,  often  rises,  during  a large  portion  of  the  year,  to 
43.3°,  and  in  some  regions  of  India  is  occasionally  above  50°;  while  it 
is  well  known  that  the  air  of  manufactory  drying-rooms  and  of  the 
Turkish  bath  may  be  easily  endured  at  a heat  of  considerably  more  than 
45°.  Either  of  these  temperatures  would  be  fatal  to  man,  if  they  indi- 
cated the  actual  warmth  of  the  internal  organs.  The  body  therefore 
must  either  possess  some  means  of  diminishing  its  own  production  of 
heat,  or  else  of  neutralizing,  to  a certain  extent,  temperatures  which  are 
higher  than  that  of  the  normal  standard. 

The  most  direct  and  simplest  means  of  moderating  the  temperature 
of  the  body  is  that  by  the  cutaneous  perspiration.  This  fluid,  derived 
from  the  perspiratory  glands  of  the  skin,  is  a clear,  colorless,  watery 
secretion,  with  a distinctly  acid  reaction,  and  a specific  gravity  of  1003 
or  1004.  Its  constitution  is  as  follows  : 

Composition  op  the  Cutaneous  Perspiration. 

Water 

Sodium  chloride 

Potassium  chloride 

Sodium  and  potassium  sulphates 

Salts  of  organic  acids 


It  is  accordingly  a fluid  of  very  simple  composition,  containing  more 
than  99^  per  cent,  of  water,  and  more  than  half  its  solid  ingredients 
consisting  of  the  inorganic  alkaline  chlorides.  There  are  also  piesent 
in  the  perspiration  traces  of  an  organic  substance  similar  to  albumen, 
and  a free  volatile  acid,  which  gives  to  the  fluid  its  acid  reaction  and 
odor. 

The  perspiration  is  a constant  secretion.  In  a condition  of  repose  or 
of  moderate  bodily  activity,  it  is  exuded  in  so  gradual  a manner  that  it 
is  at  once  carried  off  by  evaporation,  and  has  received  the  name,  under 
these  circumstances,  of  the  insensible  transpiration.  The  entire  quantity 
of  fluid  discharged  in  this  way,  according  to  the  observations  of  Lavoi- 
sier and  Seguin,  amounts  on  the  average  to  900  grammes  per  day.  In 
addition  to  this,  about  500  grammes  are  discharged  from  the  lungs, 
making  1400  grammes  of  daily  exhalation  from  the  whole  body.  I he 
vaporization  of  this  quantity  of  water  will  consume  150  heat  units ; or 
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about  one-fifth  of  all  the  heat  produced  in  the  body  during  twenty-four 
hours. 

The  cutaneous  secretion  may  be  greatly  increased  by  temporary  causes. 
An  elevated  temperature  or  unusual  muscular  exertion,  will  increase  the 
circulation  through  the  skin  and  largely  augment  the  amount  of  fluid 
discharged.  It  then  exudes  more  rapidly  than  it  can  be  carried  off  by 
evaporation,  and  collects  upon  the  skin  as  a visible  moisture,  whence  it 
is  known  as  the  sensible  perspiration.  The  amount  of  perspiration  dis- 
charged during  violent  exercise  has  been  known  to  rise  as  high  as  350 
or  380  grammes  per  hour;  and  Dr.  Southwood  Smith1  found  that  the 
laborers  employed  in  heated  gas-works  sometimes  lost,  by  both  cutane- 
ous and  pulmonary  exhalation,  nearly  1600  grammes  in  the  course  of  an 
hour.  The  evaporation  of  this  increased  quantity  of  fluid  consumes  a 
large  portion  of  the  caloric  derived  from  the  heated  atmosphere,  and 
thus  prevents  an  undue  rise  in  the  temperature  of  the  bodily  organs. 

It  is  possible  that  certain  influences  transmitted  through  the  nerves 
may  also  have  the  power  of  controlling  directly  the  molecular  activity 
of  the  tissues,  and  may  thus  diminish  the  amount  of  internal  heat  at 
the  source  of  its  production ; but  the  experimental  evidence  of  this 
action  is  yet  incomplete,  and  its  mode  of  operation  comparatively 
obscure. 

The  production  of  heat  in  the  animal  body  and  the  regulation  of  its 
temperature,  by  which  it  is  maintained  at  or  near  a normal  standard, 
are  two  of  the  most  important  phenomena  presented  by  the  living  organ- 
ism. They  are  the  result  of  an  associated  series  of  vital  actions,  and 
at  the  same  time  essential  conditions  for  the  continuance  of  life. 

1 Philosophy  of  Health.  London,  1838,  chap.  xiii. 
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The  blood  is  a nutritious  fluid,  bolding  in  solution  the  ingredients 
necessary  for  the  formation  of  the  tissues.  In  all  the  higher  animals 
and  in  man,  the  structure  of  the  body  is  compound,  consisting  of  various 
organs,  -with  widely  different  functions,  situated  in  different  parts  of  the 
frame.  In  the  intestine  the  process  of  digestion  is  accomplished,  and 
the  prepared  ingredients  of  the  food  are  thence  absorbed  into  the  blood- 
vessels, by  which  they  are  transported  to  distant  parts.  In  the  lungs 
the  blood  absorbs  oxygen,  which  is  afterward  appropriated  by  the 
tissues ; and  the  carbonic  acid  produced  in  the  tissues  is  finally  exhaled 
from  the  lungs.  In  the  liver,  the  kidneys,  and  the  skin,  other  substances 
are  produced  or  eliminated,  and  these  local  processes  are  ail  necessary 
to  the  preservation  of  the  general  organization.  The  circulating  fluid 
is  therefore  a means  of  transportation,  by  which  substances  produced  in 
particular  organs  are  dispersed  throughout  the  body,  or  by  which  sub- 
stances produced  in  the  tissues  generally  are  conveyed  to  particular 
organs,  in  order  to  be  eliminated. 

The  circulatory  apparatus  consists  of  four  different  parts,  namely,  1st. 
The  heart ; a hollow,  muscular  organ,  which  propels  the  blood.  2d.  The 
arteries  ; a series  of  branching  tubes,  which  convey  it  from  the  heart  to 
different  parts  of  the  body.  3d.  The  capillaries  ; a network  of  inoscu- 
lating tubules,  interwoven  with  the  substance  of  the  tissues,  which  bring 
the  blood  into  intimate  contact  with  their  component  parts;  and  4th. 
The  veins ; a set  of  converging  vessels,  destined  to  collect  the  blood 
from  the  capillaries,  and  return  it  to  the  heart.  In  each  of  these  diffeient 
parts  of  the  circulatory  apparatus,  the  movement  of  the  blood  is  peculiar 
and  dependent  on  special  conditions. 

The  Heart. 

The  structure  of  the  heart  and  of  the  adjacent  vessels  varies  in  dif- 
ferent classes  of  animals,  owing  to  the  different  arrangement  of  the 
respiratory  organs. 

In  man  and  the  mammalians  the  process  of  respiration  is  not  only 
much  more  active  than  in  cold-blooded  animals,  but  the  lungs  are  also 
the  only  special  organs  of  aeration.  The  whole  of  the  blood,  accord- 
ingly, after  returning  from  the  general  system,  passes  through  the 
lungs  before  it  is  again  distributed  to  the  system.  It  thus  traverses  in 
succession  the  general  circulation  for  the  whole  body,  and  the  special 
circulation  for  the  lungs.  The  mammalian  heart  (Fig.  99),  consists  of 
(318) 
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a right 

cava  O'),  and  driving 
(/?  9)  receiving  the  blood  from 
the  lungs  and  propelling  it  out- 
ward through  the  arterial  sys- 
tem. 

In  the  mammalian  heart,  the 
different  parts  of  the  organ  pre- 
sent certain  peculiarities  and  bear 
certain  relations  to  each  other, 
which  influence  its  action  and 
movements.  The  heart  itself  is 
suspended  somewhat  freely  in 
the  cavity  of  the  chest,  attached 
to  the  spinal  column  mainly  by 
the  great  bloodvessels  passing 
through  the  superior  and  pos- 
terior mediastinum.  It  is  of  a 
more  or  less  conical  form ; its  base, 
situated  upon  the  median  line, 
being  directed  upward  and  back- 
ward, while  its  apex  points  down- 
ward, forward,  and  to  the  left, 
surrounded  by  the  pericardium, 
but  capable  of  a certain  degree 
of  lateral  and  rotatory  motion. 


and  a left  auricle  and  ventricle 
Fig.  99. 


Circulation  in  Mammalians. — a. 
Eight  auricle,  b.  Eight  ventricle,  c.  Pulmon- 
ary artery,  d.  Lungs,  e.  Pulmonary  vein. 
/.  Left  auricle,  g.  Left  ventricle,  h.  Aorta. 
i.  Vena  cava. 

The  auricles,  which  have  a smaller 

upper 


auricle  and  ventricle  fa,  6),  receiving  the  blood  from  the  vena 
it  to  the  lungs; 


capacity  and  thinner  walls  than  the  ventricles,  are  situated  at  the 
and  posterior  part  of  the  organ  (Figs.  100  and  101); 


Fig.  100. 


Human  Heart,  anterior  view. — 
a.  Right  ventricle,  b.  Left  ventricle, 
c.  Right  auricle,  d.  Left  auricle,  e. 
Pulmonary  artery,  /.  Aorta. 


Fig.  101. 


Human  Heart,  posterior  view.— 
a.  Eight  ventricle,  b.  Left  ventricle. 
c.  Eight  auricle,  d.  Left  auricle. 


cles  occupy  its  anterior  and  lower  portions.  The  two  ventricles,  more- 
over, are  not  situated  on  the  same  plane.  The  right  ventricle  occupies 
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a position  somewhat  in  front  and  above  that  of  the  left ; so  that  in  an 
anterior  view  of  the  heart  the  greater  portion  of  the  left  ventricle  is  con- 
cealed by  the  right  (Fig.  100),  and  in  a posterior  view  the  greater  por- 
tion of  the  right  ventricle  is  concealed  by  the  left  (Fig.  101) ; while  in 
both  positions  the  apex  of  the  heart  is  constituted  altogether  by  the 
point  of  the  left  ventricle. 

The  different  cavities  of  the  heart  and  of  the  adjacent  bloodvessels  on 
each  side,  though  continuous  with  each  other,  are  partially  separated  by 
certain  constrictions.  The  orifices  by  which  they  communicate  are 
known  by  the  names  of  the  auricular,  auriculo-ventricular,  and  aortic 
and  pulmonary  orifices ; the  auricular  orifices  being  the  passages  from 
the  venae  cavae  and  pulmonary  veins  into  the  right  and  left  auricles  ; the 
auriculo-ventricular  orifices  leading  from  the  auricles  into  the  ventricles  ; 
and  the  aortic  and  pulmonary  orifices  leading  from  the  ventricles  into 
the  aorta  and  pulmonary  artery  respectively. 

The  auriculo-ventricular,  aortic,  and  pulmonary  orifices  are  furnished 
with  valves,  which  allow  the  blood  to  pass  readily  from  the  auricles  to 
the  ventricles,  and  from  the  ventricles  to  the  arteries,  but  shut  back  in 
such  a manner  as  to  prevent  its  return  in  the  opposite  direction.  The 
course  of  the  blood  through  the  heart  is,  therefore,  as  follows  (Fig.  102) : 


From  the  vena  cava  it  passes  into  the  right  auricle ; and  from  the  right 
auricle  into  the  right  ventricle.  On  the  contraction  of  the  right  ventri- 
cle, the  tricuspid  valves  shut  back,  preventing  its  return  into  the  auricle 
(Fig.  103) ; and  it  is  thus  driven  through  the  pulmonary  artery  to  the 
lungs.  Returning  from  the  lungs,  it  enters  the  left  auricle,  thence 
passes  into  the  left  ventricle,  from  which  it  is  finally  delivered  into  the 
aorta,  and  distributed  throughout  the  body.  The  two  streams  of  blood, 


THE  HEART. 


321 


Right  Auricle  and  Ventricle;  Auriculo-ventricular  Valves  closed,  Arterial 

Valves  open. 

the  axes  of  the  currents  crossing  each  other  in  the  right  and  left  cavi- 
ties of  the  organ  respectively  (Fig.  104).  The  venous  blood,  received 

Fig.  104. 


arterial  and  venous,  in  their  passage  through  the  heart,  follow  a course 
which  is,  in  each  case,  curvilinear  and  more  or  less  spiral  in  direction; 

Fig.  103. 


Course  of  Blood  through  the  Heart. — a,  a.  Vena  cava,  superior  and  inferior. 
b.  Right  ventricle,  c.  Pulmonary  artery,  d.  Pulmonary  vein.  e.  Left  ventricle.  /.Aorta. 


by  the  right  auricle  from  the  two  venae  cava3,  passes  downward  and 
forward  from  the  auricle  into  the  ventricle.  In  the  body  of  the  right 
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ventricle  it  turns  upon  itself  and  then  follows  a direction  from  below 
upward,  from  right  to  left  and  from  before  backward,  through  that  part 
of  the  right  ventricle  tying  in  front  of  the  heart  and  termed  the  “ conus 
arteriosus,”  to  the  commencement  of  the  pulmonary  artery.  On  return- 
ing from  the  lungs  to  the  left  auricle,  it  passes  from  above  downward 
into  the  cavity  of  the  left  ventricle,  when  it  makes  a turn  like  that  upon 
the  right  side  and  is  directed  again  from  below  upward  and  from  left  to 
right,  behind  the  situation  of  the  conus  arteriosus,  and  crossing  it  at  an 
acute  angle,  to  the  commencement  of  the  aorta.  The  aorta  itself,  though 
its  point  of  origin  is  placed  somewhat  posteriorly  to  that  of  the  pulmo- 
nary artery,  soon  comes  more  to  the  front  in  its  arched  portion,  while 
the  pulmonary  artery  runs  almost  directly  backward.  Thus  the  two 
blood-currents  may  be  said  to  twist  spirally  round  each  other  in  their 
course  through  the  corresponding  auricles  and  ventricles. 

The  movement  of  the  blood  through  the  cardiac  caArities  is  not  a con- 
tinuous and  steady  flow,  but  is  accomplished  by  alternate  contractions 
and  relaxations  of  the  muscular  walls  of  the  heart ; by  which  successive 
portions  of  blood  are  delivered  from  the  auricles  into  the  ventricles,  and 
thence  discharged  into  the  arteries.  Each  one  of  these  successive  actions 
is  called  a beat  or  pulsation  of  the  heart.  The  cardiac  pulsations  are 
accompanied  by  certain  physical  phenomena  dependent  upon  the  struc- 
ture of  the  heart  and  its  mode  of  action. 

Sounds , Movements , and  Impulse  of  the  Heart. — The  sounds  of  the 
heart  are  two  in  number.  They  can  be  heard  by  applying  the  ear  over 
the  cardiac  region,  when  they  are  found  to  be  quite  different  from  each 
other  in  position,  tone,  and  duration.  They  are  distinguished  as  the 
first  and  second  sounds  of  the  heart.  The  first  sound  is  heard  witli  the 
greatest  intensity  over  the  anterior  surface  of  the  heart,  and  particularly 
at  the  situation  of  the  apex  beat,  over  the  fifth  rib  and  the  fifth  inter- 
costal space.  It  is  comparatively  long,  dull,  and  smothered  in  tone, 
and  occupies  one-half  the  entire  duration  of  a beat.  It  coriesponds  in 
time  with  the  impulse  of  the  heart  in  the  precordial  region,  and  with  the 
stroke  of  the  large  arteries  in  the  immediate  vicinity  of  the  chest.  The 
second  sound  follows  almost  immediately  upon  the  first.  It  is  heard 
most  distinctly  at  the  situation  of  the  aortic  and  pulmonary  valves, 
namely,  over  the  sternum  at  the  level  of  the  third  costal  cartilage.  It 
is  short  and  distinct,  and  occupies  only  about  one-quarter  of  the  whole 
time  of  a pulsation.  It  is  followed  by  an  equal  interval  of  silence ; after 
which  the  first  sound  again  recurs.  The  whole  time  of  a cardiac  pulsa- 
tion may  be  divided  into  four  quarters,  of  which  the  first  two  are  occu- 
pied by  the  first  sound,  the  third  by  the  second  sound,  and  the  fourth 
by  an  interval  of  silence,  as  follows : 


Relative  Time  and 
Cardiac  pulsation  j 


Duration  op  the  Heart-Sounds. 
1st  quarter  1 

2(j  ,,  | First  sound. 

3d  “ Second  sound. 

4th  “ Interval  of  silence. 
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The  cause  of  the  second  sound  is  universally  admitted  to  be  the  sudden 
closure  and  tension  of  the  aortic  and  pulmonary  valves.  This  fact  is 
established  by  the  following  proofs  : 1st.  The  sound  is  heard  with  per- 
fect distinctness,  as  mentioned  above,  directly  over  the  situation  of  these 
valves  at  the  base  of  the  heart ; 2d.  The  further  we  recede  in  any  direc- 
tion from  this  point,  the  fainter  becomes  the  sound ; and  od,  in  experi- 
ments upon  the  living  animal,  by  different  observers,  it  has  been  found 
that  if  a curved  needle  be  introduced  into  the  base  ot  the  large  vessels, 
so  as  to  hook  back  the  semilunar  valves,  the  second  sound  disappears, 
and  remains  absent  until  the  valve  is  again  liberated.  The  valves  con- 
sist of  fibrous  sheets,  covered  with  a layer  of  endocardial  epithelium. 
The}-  have  the  form  of  semilunar  festoons,  the  free  edge  of  which  is 
directed  from  the  cavity  of  the  ventricle,  while  the  attached  edge  is 
fastened  to  the  inner  surface  of  the  base  of  the  artery.  While  the  blood 
is  passing  from  the  ventricle  to  the  artery,  the  valves  are  thrown  for- 
ward and  relaxed ; but  when  the  artery  reacts  upon  its  contents  they 
shut  back,  and  their  fibres,  becoming  suddenly  tense,  yield  a clear, 
characteristic,  snapping  sound.  The  character  of  this  valvular  sound 
may  be  closely  imitated  by  snapping  a piece  of  tape  or  ribbon  (Fig.  105), 


Fig.  105. 


alternately  loosening  and  extending  it,  while  firmly  held  between  the 
fingers  of  the  two  hands.  A short  piece  of  ribbon  by  this  sudden  tension 
will  give  out  a sharp  and  distinct  sound ; a longer  one  will  yield  a sound 
which  is  more  dull  and  prolonged. 

Th e,  first  sound  of  the  heart  contains  two  elements,  which  are  mingled 
in  different  proportions  according  to  the  point  at  which  it  is  heard.  One 
of  these  elements  is  comparatively  dull  in  tone,  and  when  heard  over 
the  apex  or  front  of  the  heart  communicates  its  character  to  the  whole 
of  the  first  sound.  It  is  variously  attributed  to  the  muscular  contrac- 
tion of  the  cardiac  fibres  and  to  the  movement  of  the  surface  of  the 
heart  against  the  inner  walls  of  the  chest.  The  remaining  element  of 
the  first  sound  is  valvular  in  character,  and  is  caused  by  the  tension  of 
the  auriclo-ventricular  valves  at  the  time  of  the  ventricular  pulsation. 
It  gradually  predominates  over  the  other,  at  points  further  removed 
from  the  apex  of  the  heart,  toward  the  left  border  of  the  organ  and  the 
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left  nipple;  and  still  further  to  the  left  it  is  heard  alone,  the  first  sound 
at  this  situation  being  purely  valvular,  like  the  second.1 

The  movements  of  the  heart  may  be  observed  in  the  dog,  or  other 
warm-blooded  quadruped,  by  opening  the  cavity  of  the  chest  by  a longi- 
tudinal incision  through  the  sternum,  and  separating  the  costal  cartilages, 
on  each  side,  at  their  junction  with  the  ribs;  artificial  respiration  being 
maintained  by  the  nozzle  of  a bellows  inserted  in  the  trachea.  The 
animal  may  be  partially  narcotized  by  a preliminary  subcutaneous  in- 
jection of  morphine,  after  which  complete  etherization  is  produced  and 
continued  with  great  facility.  The  operation  of  opening  the  chest  and 
exposing  the  thoracic  organs  increases  the  rapidity  of  the  heart’s  move- 
ments and  diminishes  their  force ; but  its  action  is  not  otherwise 
changed,  and  the  circulation  will  continue  for  several  hours,  provided 
artificial  respiration  be  maintained  with  regularity. 

When  exposed  to  view  under  these  conditions,  the  movements  of  the 
mammalian  heart  are  at  once  seen  to  be  complicated  to  such  a degree 
that  close  examination  is  requisite  to  distinguish  their  different  elements. 
The  most  obvious  appearance  at  first  presented  is  the  rapid  succession 
of  two  alternating  conditions,  namely  a condition  of  rest  and  a condi- 
tion of  movement.  Furthermore,  if  the  heart  be  touched  or  gently 
grasped  between  the  fingers,  it  becomes  evident  that  the  two  states  of 
rest  and  movement  are  accompanied  by  corresponding  changes  in  the 
consistency  of  the  organ.  At  the  time  of  rest  it  is  comparatively  soft 
and  yielding  to  the  touch ; at  the  time  of  its  movement,  it  becomes  hard 
and  tense.  Inspection  alone  cannot  determine  which  of  these  two  states 
corresponds  with  the  entrance  of  the  blood  into  the  ventricles  and  which 
with  its  exit ; in  other  words,  which  represents  muscular  relaxation  and 
which  the  contraction  of  the  heart.  Different  observers,  while  watching 
the  movements  of  the  same  heart  in  the  living  animal,  will  often  be  led 
to  opposite  conclusions  in  this  respect.  The  only  method  of  directly 
determining  the  point  is  that  first  adopted  by  Harvey,  in  his  observa- 
tions upon  the  heart,  which  formed  the  basis  of  the  discovery  of  the 
circulation  of  the  blood.  If  we  insert  through  the  walls  of  the  left 
ventricle  a silver  canula  from  one  to  two  millimetres  in  diameter,  so  as 
to  pierce  its  cavity,  the  blood  is  forcibly  projected  from  its  orifice  at  the 
time  of  the  tension  of  the  cardiac  walls,  while  its  flow  is  suspended  m 
the  intervals  of  repose. 

Thus  the  two  states  of  relaxation  and  tension  of  the  heart  correspond 
with  the  relaxation  and  contraction  of  its  muscular  fibres.  Like  mus- 
cular tissue  elsewhere,  that  of  the  heart  during  relaxation  is  comparar 
tively  soft  to  the  touch ; when  the  ventricles  contract  upon  their  contents 
and  forcibly  expel  the  blood,  they  become  tense  and  firm,  by  the  sudden 
rigidity  of  their  fibres.  By  this  means  the  two  opposite  conditions  of 
the  diastole  and  systole  of  the  ventricles  maybe  recognized  with  cer- 
tainty, and  connected  with  the  other  corresponding  phenomena  of  the 

1 Flint,  Treatise  on  Diseases  of  the  Heart.  Philadelphia,  18 10,  pp.  61-6- 
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heart’s  action.  At  the  time  of  their  diastole,  the  blood  enters  the 
cavity  of  the  ventricles  through  the  auricular  orifice ; at  the  time  ot 
their  systole  it  is  expelled  into  the  arterial  trunks. 

Simultaneously  with  the  hardening  and  contraction  of  the  ventricles 
the  apex  of  the  heart  moves  slighly  from  left  to  right,  and  rotates  at 
the  same  time  upon  its  own  axis  in  a similar  direction.  This  movement 
was  also  observed  by  Harvey,  who  describes  it  as  follows: 

“ And  if  any  one,”  he  says,  “ bearing  these  things  in  mincl,  will  care- 
fully watch  the  motions  of  the  heart  in  the  body  of  the  living  animal, 
he  will  perceive  not  only  all  the  particulars  I have  mentioned,  namely, 
the  heart  becoming  erect  and  making  one  continuous  motion  with  its 
auricles ; but,  further,  a certain  obscure  undulation  and  lateral  inclina- 
tion in  the  direction  of  the  axis  of  the  right  ventricle,  the  organ  twisting 

itself  slightly  in  performing  its  work.” 

Both  these  movements,  of  lateral  inclination  and  rotation,  result  from 
the  spiral  arrangement  of  the  muscular  fibres  on  the  exterior  of  the 

heart.  The  most  superficial  of  these  fibres 
Fig.  106.  start  from  the  base  of  the  organ  and  pass 

toward  its  apex,  following  an  obliquely 
spiral  course  over  its  anterior  surface,  from 
above  downward  and  from  right  to  left. 
The  contraction  of  this  superficial  portion 

Fig.  107. 


Bullock’s  Heart,  anterior 
view,  showing  the  superficial  mus- 
cular fibres. 


Converging  Spiral  Fibres  at  the  Apex 
op  the  Heart.  The  direction  of  the  arrows  indi- 
cates that  of  the  rotating  movement  of  the  heart  at 
the  time  of  the  ventricular  systole. 


of  the  muscular  fibres  accordingly  tilts  the  apex  of  the  heart  in  a slight 
degree  bodily  from  left  to  right.  As  the  fibres,  however,  reach  the  point 
of  the  heart  they  curl  round  its  axis,  change  their  direction,  and  disap- 
pear from  sight,  becoming  deep  seated  and  passing  upward  along  the 
septum  and  internal  surface  of  the  ventricle,  to  a termination  finally  in 
the  columnm  carneae  and  the  fibrous  border  of  the  auriculo-ventricular 
ring.  They  thus  form,  exactly  at  the  apex  of  the  heart,  a kind  ot  whorl 
or  vortex,  of  spiral  muscular  fibres  easily  distinguishable  when  the  organ 
is  in  active  motion.  Any  muscular  fibre  arranged  in  this  direction 

1 Works  of  William  Harvey,  M.D.,  Sydenham  Edition.  London,  1847,  p.  32. 
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necessarily  tends,  at  the  moment  of  its  contraction,  to  straighten  or 
untwist  the  spiral.  At  the  time  of  the  ventricular  contraction,  there- 
fore, the  apex  of  the  heart  rotates  upon  its  axis,  from  left  to  right  ante- 
riorly and  from  right  to  left  posteriorly.  This  twisting  movement  at 
the  apex  is  very  perceptible  at  each  pulsation  of  the  heart  when  exposed 
in  the  living  animal. 

The  impulse  of  the  heart  is  a stroke,  more  or  less  forcible,  of  the 
apex  of  the  organ  against  the  walls  of  the  chest,  taking  place  at  the 
time  of  the  ventricular  systole.  This  impulse  is  readily  perceptible 
externally,  as  a general  rule,  both  to  the  eye  and  to  the  touch.  In  the 
human  subject,  when  in  the  erect  position,  it  is  located  in  the  fifth  inter- 
costal space,  midway  between  the  left  edge  of  the  sternum  and  a line 
drawn  perpendicularly  through  the  left  nipple ; while  in  the  supine  posi- 
tion of  the  body,  the  heart  subsides,  in  a measure,  from  the  anterior  part 
of  the  chest,  so  that  its  external  impulse  may  become  for  the  time  very 
faint,  or  may  even  disappear  altogether. 

This  alternate  recession  and  advance  of  the  apex  of  the  heart,  corre- 
sponding with  its  relaxation  and  contraction,  is  visible  in  the  organ  when 
exposed  by  opening  the  walls  of  the  chest.  According  to  the  descrip- 
tion given  by  Harvey,  at  the  time  of  its  motion  “ the  heart  is  erected, 
and  rises  upward  to  a point,  so  that  at  this  time  it  strikes  against  the 
breast  and  the  pulse  is  felt  externally.”  If  we  allow  the  end  of  the 
finger  to  rest  lightly  upon  the  apex  of  the  exposed  heart,  the  protrusion 
of  this  part  of  the  organ  at  the  time  of  the  ventricular  systole  is  dis- 
tinctly felt,  lifting  the  finger  at  each  beat  with  a somewhat  forcible 
impulse  ; and  if  a light  rider  of  white  paper  be  placed  upon  the  apex,  it 
is  also  seen  to  be  thrown  forward  and  backward  at  each  alternate  con- 
traction and  relaxation  of  the  heart. 

The  immediate  cause  of  the  protrusion  of  the  heart’s  apex  at  the  time 
of  the  ventricular  systole  has  been  variously  regarded,  first  as  an  actual 
elongation  of  the  ventricle,  and  secondly,  as  a forward  movement  of  the 
whole  heart,  due  to  a recoil  from  the  blood  expelled  from  it  under  pres- 
sure, or  to  a reaction  of  the  distended  arteries  at  its  base.  Galen,  who 
was  the  first  to  study  the  action  of  the  heart  by  inspection  in  the  living 
animal,  found  the  transverse  diameter  of  the  organ  increased  during 
relaxation  and  its  length  diminished,  while  during  the  systole  its  width 
was  diminished  and  its  length  increased.1 2  Of  subsequent  observers, 
some  believed  the  heart  to  be  lengthened,  others  that  it  was  shortened  at 
the  time  of  the  ventricular  systole.  Nearly  all  the  more  recent  physio- 
logical writers  of  eminence  (Longet,  Cai-penter,  Flint,  Ranke,  Burdon- 
Sanderson)  are  of  the  opinion  that  the  ventricles  when  contracting 
diminish  in  size  in  every  direction,  that  the  apex  of  the  organ  approaches 
the  base,  but  that  the  whole  heart  is  thrown  forward  by  the  impulse  of 
recoil  above  mentioned.  Prof.  Flint’  cut  out  the  heart  suddenly  from 

1 Galen,  De  Usu  Partium,  vi.  8. 

2 Physiology  of  Man.  Now  York,  1866,  p.  189. 
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the  dog,  and,  fastening  it  upon  a table  by  needles  passed  through  its  base, 
found °the  ventricles  shortened  in  contraction;  and  obtained  the  same 
result,  in  another  experiment,  by  pinning  the  heart,  in  the  chest  of  the 
living  animal,  to  a thin  board  placed  underneath.  On  the  other  hand, 
DrS.  Pennock  and  Moore,  who  performed  a series  of  very  careful  experi- 
ments upon  the  action  of  the  heart  in  sheep,  calves,  and  horses,1  observed 
an  elongation  of  the  organ  at  the  time  of  the  ventricular  systole.  They 
operated  by  stunning  the  animals  with  a blow  upon  the  head,  opening 
the  chest,  and  keeping  up  artificial  respiration,  and  they  were  able  to 
measure  the  extent  of  elongation  by  means  of  a shoemaker’s  rule  applied 
to  the  heart. 

In  our  own  observations  on  this  point,  many  times  repeated,  we  ha\e 
always  seen  reason  to  believe  that  the  heart  actually  elongates  in  the 
ventricular  systole,  and  that  it  is  not  simply  thrown  forwaid  by  an  im- 
pulse of  recoil.  The  appearances  presented,  when  viewing  the  front  ol 
the  mammalian  heart,  as  it  lies  in  its  natural  position  in  the  chest,  are 
somewhat  complicated.  The  anterior  surface  of  the  organ  is  mainly 
occupied  by  the  right  ventricle  and  especially  by  that  portion  of  it 
known  as  the  conus  arteriosus.  This  is  in  reality  a vaulted  channel 
running  obliquely  over  the  front  of  the  heart,  from  right  to  left  and  fiom 
below  upward,  toward  the  origin  of  the  pulmonary  artery.  Its  muscular 
fibres,  on  the  other  hand,  run  directly  across  it  and  at  right  angles  to 
the  axis  of  its  cavity,  namely,  from  right  to  left  and  from  above  down- 
ward, constituting  the  most  superficial  fibres  of  the  heart  in  this  situa- 
tion. At  the  time  of  ventricular  systole,  these  fibres  contract  across  the 
line  of  the  conus  arteriosus,  become  thickened  and  more  prominent  and 
approximate  the  base  of  the  heart  and  the  lower  border  of  the  conus 
arteriosus  toward  each  other. 

But  the  right  ventricle  constitutes  a comparatively  small  poition  ol 
the  heart.  The  greater  part  of  its  mass  is  formed  by  the  thick  walls  of 
the  left  ventricle,  which  occupies  a posterior  position,  and  is  not  fully 
seen  in  a front  view  of  the  organ.  If  the  heart  be  tilted  up  and  viewed 
from  its  posterior  surface,  at  every  contraction  its  sides  will  be  seen  to 
approximate  and  its  point  to  elongate;  in  other  words,  its  tiansveise 
diameter  diminishes,  while  its  longitudinal  diameter  increases.  Its  base 
may  be  firmly  held  by  the  fingers  placed  upon  the  large  vessels,  while 
this  change  of  form  of  the  organ  is  observed.  Even  in  an  anterior  view, 
with  the  whole  heart  securely  held  in  this  position,  according  to  oux 
observations,  the  apex,  at  each  systole,  will  rise  toward  an  ivory  rod 
placed  horizontally  above  it,  and  will  recede  in  the  same  degree  at  each 
diastole. 

If  this  be  true,  the  explanation  of  the  ventricular  elongation  is  readily 
found  in  the  arrangement  of  the  muscular  fibres  of  the  left  ventricle. 
The  left  ventricle  preponderates  so  much  in  mass  over  the  other  parts  of 
the  organ,  that  its  changes  of  figure  determine  those  ol  the  entire  heart. 

1 Philadelphia  Medical  Examiner,  1839,  No.  44. 
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A transverse  section  of  the  heart,  in  its  contracted  condition,  shows  the 
relative  volume  of  the  muscular  walls  of  the  right  and  left  ventricles, 

and  the  difference  in  form  of  the  two 


Fig.  108. 


Transverse  Section  of  the 
Bullock’s  Heart  in  the  state 
of  Cadaveric  Rigidity.  — a.  Cav- 
ity of  the  Left  Ventricle,  b.  Cavity  of 
the  Right  Ventricle. 


cavities. 

The  left  ventricle  forms  a thick 
muscular  tube,  with  its  cavity  nearly 
in  the  centre  of  the  cardiac  mass ; 
while  the  right  ventricle  has  the  ap- 
pearance of  a comparatively  incon- 
siderable layer  of  fibres,  attached  to 
the  lateral  surface  of  the  organ,  and 
enclosing  a cavity  of  a more  linear 
and  flattened  form. 

Thesurperficial  cardiac  fibres,  which 
make  the  visible  part  of  the  wall  of 
the  right  ventricle,  run  obliquety  from 
right  to  left  and  from  above  down- 


wai’d,  toward  the  heart’s  apex ; but  the  more  deeply  seated  layers, 
belonging  to  the  left  ventricle,  take  more  and  more  a horizontal  or 
circular  course,  being  wrappped  round  the  ven- 
Fig.  109.  tricle,  almost  like  those  of  the  small  intestine. 

Whenever  these  muscular  fibres  contract,  they 
' must,  of  course,  swell  in  the  direction  of  their 

thickness  ; and  the  effect  produced  by  this  simul- 
taneous swelling  of  all  the  circular  fibres  is  to 
increase  the  longitudinal  diameter  of  the  ven- 
tricle, at  the  same  time  that  its  sides  are  drawn 
together  and  its  calibre  diminished.  In  the  sys- 
tole of  the  ventricle,  accordingly,  its  muscular 
fibres  contract  upon  its  contents,  like  the  fingers 
of  a closed  hand,  and  the  blood  is  expelled  from 
left  Ventricle  of  p;g  cavity  very  much  as  the  fluids  of  the  intestinal 
show  ingots  deep  fibres T ' canal  are  forced  onward  by  the  contracting  cir- 
cular fibres  of  the  muscular  coat. 

Rhythm  of  the  Heart's  Action— The  succession  of  phenomena  in  the 
heart’s  action  is  peculiar  and  somewhat  complicated.  Each  pulsation 
is  made  up  of  a double  series  of  contractions  and  relaxations.  The  tv  o 
auricles  contract  together,  and  afterward  the  two  ventricles;  and  in 
each  case  the  contraction  is  immediately  followed  by  a relaxation.  T lie 
auricular  contraction  is  short  and  feeble,  and  occupies  the  first  part  of 
the  time  of  a pulsation.  The  ventricular  contraction  is  longer  and  more 
powerful,  and  occupies  the  latter  part  of  the  same  period.  Following 
the  ventricular  contraction  there  comes  a short  interval  of  repose,  after 
which  the  auricular  contraction  again  recurs.  The  auricular  and  ven- 
tricular contractions,  however,  do  not  alternate  distinctly  with  each 
other,  like  the  strokes  of  the  two  pistons  in  a double  forcing-pump.  On 
the  contrary,  they  are  connected  and  continuous.  The  contraction, 
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which  commences  at  the  auricle,  is  immediately  propagated  to  the  ven- 
tricle, and  runs  rapidly  from  the  base  of  the  heart  to  its  apex,  very 
much  in  the  manner  of  a peristaltic  motion,  excepting  that  it  is  more 
sudden  and  vigorous.  This  part  of  the  heart’s  action  is  described  by 
Harvey  in  very  graphic  terms,  evidently  drawn  from  direct  study  of  the 
phenomena  in  the  living  animal. 

“ First  of  all,”  he  says,  “the  auricle  contracts,  and  in  the  course  of  its 
contraction  throws  the  blood  (which  it  contains  in  ample  quantity  as 
the  head  of  the  veins,  the  storehouse  and  cistern  of  the  blood)  into  the 
ventricle,  which  being  filled,  the  heart  raises  itself  straightway,  makes 
all  its  fibres  tense,  contracts  the  ventricles,  and  performs  a beat,  by 
which  beat  it  immediately  sends  the  blood,  supplied  to  it  by  the  auricle, 
into  the  arteries ; the  right  ventricle  sending  its  charge  into  the  lungs 
by  the  vessel  which  is  called  vena  arteriosa,  but  which,  in  structure  and 
function,  and  all  things  else,  is  an  artery;  the  left  ventricle  sending  its 
charge  into  the  aorta,  and  through  this  by  the  arteries  to  the  body  at 
large. 

“ These  two  motions,  one  of  the  ventricles,  another  of  the  auricles, 
take  place  consecutively,  but  in  such  a manner  that  there  is  a kind  of 
harmony  or  rhythm  preserved  between  them,  the  two  concurring  in 
such  wise  that  but  one  motion  is  apparent,  especially  in  the  warmer 
blooded  animals,  in  which  the  movements  in  question  are  rapid.  Nor 
is  this  for  any  other  reason  than  it  is  in  a piece  of  machineiy,  in  which, 
though  one  wheel  gives  motion  to  another,  yet  all  the  wheels  seem  to 
move  simultaneous^ ; or  in  that  mechanical  contrivance  which  is 
adapted  to' fire-arms,  where,  the  trigger  being  touched,  down  comes  the 
flint,  strikes  against  the  steel,  elicits  a spark,  which  falling  among  the 
powder,  it  is  ignited,  upon  which  the  flame  extends,  enters  the  bar  Phi, 
causes  the  explosion,  propels  the  ball,  and  the  mark  is  attained  ; all  of 
which  incidents,  by  reason  of  the  celerity  with  which  they  happen,  seem 
to  take  place  in  the  twinkling  of  an  eye.” 

The  above  description  indicates  precisely  the  manner  in  which  the 
contraction  of  the  ventricle  follows  successively  and  yet  continuously 
upon  that  of  the  auricle.  The  contraction  begins,  as  already  stated,  at 
the  auricle.  Thence  it  runs  immediately  forward  to  the  apex  of  the 
heart.  The  entire  ventricle  contracts  vigorously,  its  walls  hai’den,  its 
apex  protrudes,  strikes  against  the  walls  of  the  chest,  and  twists  from 
left  to  right,  the  auriculo-ventricular  valves  shut  back,  the  first  sound 
is  produced,  and  the  blood  is  driven  into  the  aorta  and  pulmonary  artery. 
These  phenomena  occupy  about  one-half  the  time  of  pulsation.  Then 
the  ventricle  is  relaxed,  and  a short  period  of  repose  ensues.  During 
this  period  the  blood  flows  from  the  large  veins  into  the  auricle,  and 
through  the  auriculo-ventricular  orifice  into  the  ventricle ; filling  the 
ventricle,  by  a kind  of  passive  dilatation,  about  two-thirds  or  three- 
quarters  full.  Then  the  auricle  contracts  with  a quick  motion,  forces 
the  iast  drop  of  blood  into  the  ventricle,  distending  it  to  its  full  capa- 
22 
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city ; ancl  lastly  the  ventricular  contraction  takes  place,  driving  the  blood 
into  the  large  arteries.  These  movements  continue  to  alternate  with 
each  other,  and  form,  by  their  recurrence,  the  successive  cardiac  pul- 
sations. 


The  Arterial  Circulation. 


The  arteries  are  a series  of  branching  tubes,  which  commence  with 
the  aorta  and  ramify  throughout  the  body,  distributing  the  blood  to  the 
various  vascular  organs.  They  consist  of  three  principal  coats,  namely, 
an  inner  coat,  composed  of  thin  clastic  laminae  lined  with  a single  layer 
of  narrow,  elongated  and  flattened  epithelium  cells  ; a middle  coat,  com- 
posed of  elastic  tissue  and  unstriped  muscular  fibres,  running  trans- 
versely, or  in  a circular  direction,  round  the  calibre  of  the  vessel;  and 
an  external  coat,  consisting  mainly  of  a more  or  less  condensed  layer 
of  connective  tissue.  The  principal  anatomical  distinction  between  the 
larger  and  the  smaller  arteries  is  in  the  structure  of  their  middle  coat. 
In  the  smaller  arteries  this  coat  is  composed  exclusively  of  muscular 
fibres,  arranged  in  one  or  several  layers.  In  arteries  of  medium  size 
the  middle  coat  contains  both  muscular  and  elastic  tissue;  while  in 
those  of  the  largest  calibre  it  consists  of  elastic  tissue  alone.  The 
large  arteries,  accordingly,  possess  a remarkable  degree  of  elasticity  and 
but  little  contractility;  while  the  smaller  are  contractile,  and  less  dis- 


tinctly elastic. 

Movement  of  the  Blood  through  the  Arterial  System.— The  movement 
of  the  blood  through  the  arteries  is  due  to  the  muscular  force  of  the 
heart  and  the  impulse  derived  from  the  ventricular  systole.  The  arte- 
rial system,  which  is  an  extensive  ramification  of  tubular  canals,  may 
be  regarded  as  a great  vascular  cavity,  subdivided  from  within  outward 
by  the  successive  branching  of  its  vessels,  but  communicating  freely 
with  the  heart  and  aorta  at  one  extremity,  and  with  the  capillary  plexus 
at  the  other,  and  filled  everywhere  with  the  circulating  fluid.  At  the 
time  of  the  heart’s  contraction,  the  muscular  walls  of  the  ventricle  close 
in  upon  its  cavity;  and  as  the  auriculo-ventricular  valves  at  the  same 
time  shut  back  and  prevent  regurgitation,  the  blood  is  forced  out  from 
the  ventricle  through  the  aortic  orifice.  As  the _ ventricle  relaxes  it  is 
ao-ain  filled  with  blood  from  the  auricle,  and  delivers  it,  as  before,  by 
a°new  contraction,  into  the  arteries.  It  is  by  these  impulses,  recurring 
at  short  intervals,  that  the  entire  blood  moves  in  a direction  from  the 
heart  outward  through  the  arterial  system. 

Distension  of  the  Arteries  by  the  Heart's  Action;  Arterial  Pu  «e— 
each  ventricular  systole  a charge  of  blood  is  driven  into  the  arteries 
distending  their  walls  by  the  pressure  of  the  additional  quantity  of  fluid 
introduced  into  their  cavities.  When  the  ventricle  afterward  relaxes, 
this  active  distending  force  is  suspended ; and  the  elastic  arterial  v , 
reacting  upon  their  contents,  would  drive  the  blood  back  into  the  heait 
were  it  not  for  the  closure  of  the  semilunar  valves,  which  shut  together 
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and  prevent  any  movement  in  a backward  direction.  The  blood  is  thus 
urged  onward,  under  the  pressure  of  the  arterial  elasticity,  into  the 
capillary  system.  When  the  arteries  have  become  partially  emptied, 
and  have  returned  to  their  previous  dimensions,  they  are  again  dis- 
tended by  another  contraction  of  the  heart.  In  this  manner  a succes- 
sion of  expansions  is  produced,  which  can  be  felt  throughout  the  body 
wherever  the  arterial  ramifications  penetrate.  This  phenomenon  is 
known  by  the  name  of  the  arterial  pulse. 

Since  each  arterial  expansion  is  produced  by  a ventricular  systole, 
the  pulse,  as  felt  in  any  superficial  artery,  is  a convenient  guide  for 
ascertaining  the  frequency  and  regularity  of  the  heart’s  action.  The 
radial  artery  at  the  wrist,  owing  to  its  easily  accessible  situation,  is 
mainly  employed  for  this  purpose.  Any  increase  or  diminution  in  the 
frequency  of  the  heart’s  action  is  accompanied  by  a similar  change  in 
the  arterial  pulsations  ; and  alterations  in  the  force  or  regularity  of  the 
cardiac  movements  are  also  indicated  by  corresponding  modifications 
of  the  pulse  at  the  wrist. 

The  average  frequency  of  the  pulse  in  the  human  subject  is,  for  the 
adult  male  in  a state  of  quiescence,^  beats  per  minute.  This  rate 
may  be  more  or  less  accelerated  by  any  muscular  exertion.  Even  the 
difference  of  muscular  effort  between  the  positions  of  standing,  sitting, 
and  lying  down,  will  make  a normal  difference  in  the  pulse  of  from  8 to 
10  beats  per  minute.  Age  has  a very  marked  influence  on  the  rapidity 
of  the  pulse ; it  being  found,  as  a rule,  more  rapid  the  younger  the  sub- 
ject of  observation.  According  to  Dr.  Carpenter,  the  pulse  of  the 
foetus,  before  birth,  is  about  140,  and  that  of  the  newly-born  infant  130. 
During  the  first,  second,  and  third  years  it  gradually  falls  to  100;  by 
the  fourteenth  year  to  80  ; and  is  only  reduced  to  the  adult  standard 
by  the  twenty-first  year.  At  every  age,  mental  excitement  may  pro- 
duce a temporary  acceleration  of  the  pulse,  varying  in  degree  with  the 
peculiarities  of  the  individual. 

As  a general  rule,  the  rapidity  of  the  heart’s  action  is  in  inverse  ratio 
to  its  force ; that  is,  a slow  pulse,  within  physiological  limits,  is  a strong 
one ; a rapid  pulse  is  a feeble  one.  This  is  readily  noticeable  in  ex- 
periments upon  the  lower  animals,  where  the  force  of  the  heart’s  action 
may  be  measured  by  the  arterial  impulse ; and  where  an  increase  in  the 
frequency  of  the  cardiac  pulsations  is  almost  invariably  accompanied 
by  a diminution  in  their  strength.  The  same  thing  is  true  in  cases  of 
increased  frequency  of  the  heart’s  action  from  morbid  causes ; the  pulse 
in  febrile  or  chronic  affections  becoming  weaker  as  it  grows  more  rapid. 
An  excessive  rapidity  of  the  pulse  is  an  indication  of  great  danger ; 
and,  in  the  adult  male,  a continuous  pulse  of  160  per  minute  is  almost 
invariably  a fatal  symptom. 

Increased  Curvature  of  the  Arteries  in  Pulsation. — When  the  blood 
is  driven  by  the  ventricular  systole  into  the  arteries,  these  vessels  are 
not  only  distended  laterally,  but  are  elongated  as  well  as  widened, 
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becoming  enlarged  in  every  direction.  Especially 
in  arteries  having  a distinctly  curved  or  serpen- 
tine course,  this  elongation  and  increase  of  curva- 
ture may  be  observed  at  the  time  of  each  pulsa- 
tion. It  is  perceptible,  for  instance,  in  emaciated 
persons,  in  the  temporal  artery,  or  even  in  the  ra- 
dial at  the  wrist,  and  may  readily  be  seen  in  the 
mesenteric  arteries  in  the  abdomen  of  the  living 
animal.  At  every  contraction  of  the  heart,  the 
curves  of  the  vessel  on  each  side  become  more 
strongly  pronounced.  In  the  case  of  the  radial  or 
other  artery,  running  oi’er  a bony  surface,  the  vessel 
may  even  partially  rise  out  of  its  bed  at  each  pulsa- 
tion. In  old  persons  the  arterial  curvatures  become 
permanently  enlarged  from  frequent  distension  ; and 
all  the  arteries  tend  to  assume,  with  the  advance  of 
age,  a more  serpentine  and  spiral  course. 

Time  of  Ihe  Arterial  Pulse. — The  shock  of  an  arterial  pulsation,  as 
perceived  by  the  finger,  varies  a little  in  time,  according  to  its  distance 
from  the  centre  of  the  circulation.  If  we  place  one  finger  upon  the 
chest  over  the  apex  of  the  heart,  and  another  over  the  carotid  artery  at 
the  middle  of  the  neck,  we  can  distinguish  little  or  no  difference  in  time 
between  the  two  impulses ; the  distension  of  the  carotid  being  sensibly 
simultaneous  with  the  heart’s  contraction.  But  if  the  second  finger  be 
placed  upon  the  temporal  artery,  instead  of  the  carotid,  there  is  a per- 
ceptible interval  between  the  two  beats.  The  impulse  of  the  temporal 
artery  is  felt  to  be  a little  later  than  that  of  the  heart.  The  pulse  of  the 
radial  artery  at  the  wrist  also  appears  to  be  a little  later  than  that  of 
the  carotid,  and  that  of  the  posterior  tibial  at  the  ankle  joint  a little 
later  than  that  of  the  radial.  The  greater  the  distance  from  the  heart 
at  which  the  artery  is  examined,  the  later  is  the  pulsation  perceived  by 
the  finger  laid  upon  the  vessel. 

But  it  has  been  conclusively  shown  that  this  difference  in  time  of  the 
arterial  pulsations,  in  different  parts  of  the  body,  is  rather  relative  than 
absolute.  The  impulse  is  communicated  at  the  same  instant  to  all  parts 
of  the  arterial  system  ; but  the  apparent  difference  between  them,  in  this 
respect,  depends  upon  the  fact,  that,  although  all  the  arteries  begin  to 
be  distended  at  the  same  moment,  yet  those  nearest  the  heart  are  ex- 
panded suddenly,  while  for  those  at  a distance  the  distension  takes  place 
more  gradually.  The  impulse  given  to  the  finger  marks  the  condition 
of  maximum  distension  of  the  vessel ; and  this  condition  occurs  at  a 
later  period,  according  to  the  distance  of  the  artery  from  the  heart. 

1 The  contraction  of  the  left  ventricle  is  a brisk  and  sudden  motion. 
The  blood  driven  into  the  arterial  system,  meeting  with  a certain  amount 
of  resistance  from  that  already  filling  the  vessels,  does  not  instantly 
displace  a quantity  equal  to  its  own  mass,  but  a certain  proportion  ol 
its  force  is  used  in  expanding  the  distensible  walls  of  the  vessels.  In 


Fig.  110. 


Elongation  and 
increased  curvature 
of  an  Artery  in 
pulsation. 
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the  immediate  neighborhood,  therefore,  the  expansion  of  the  arteries  is 
sudden  and  momentary,  like  the  contraction  of  the  heart  itself.  But 
this  expansion  requires  for  its  completion  a certain  expenditure,  both 
of  force  and  time ; so  that  at  a little  distance  farther  on,  the  vessel  is 
distended  neither  to  the  same  degree  nor  with  the  same  rapidity.  At 
the  more  distant  point  the  arterial  impulse  is  less  powerful  and  arrives 
more  slowly  at  its  maximum. 

On  the  other  hand,  when  the  heart  becomes  relaxed,  the  artery  in  its 
immediate  neighborhood  reacts  upon  the  blood  by  its  own  elasticity ; 
and  as  it  meets  with  no  other  resistance  than  that  of  the  blood  in  the 
smaller  vessels  beyond,  it  drives  a portion  of  its  own  blood  into  them, 
and  thus  supplies  to  these  vessels  a certain  degree  of  distending  force 
even  in  the  intervals  of  the  heart’s  action.  Thus  the  difference  in  size 
of  the  carotid  artery,  at  the  two  periods  of  the  heart’s  contraction  and 
relaxation,  is  very  marked ; for  the  degree  of  its  distension  is  great 
when  the  heart  contracts,  and  its  own  reaction  afterward  empties  it  of 
blood  to  a considerable  extent.  But  in  the  small  branches  of  the  radial 
or  the  ulnar  artery,  there  is  less  distension  at  the  time  of  the  cardiac 
impulse,  because  this  force  has  been  partly  expended  in  overcoming  the 
elasticity  of  the  larger  vessels ; and  there  is  less  emptying  of  the  vessel 
afterward,  because  it  is  still  kept  partially  filled  by  the  reaction  of  the 
aorta  and  its  larger  branches. 

These  facts  have  been  illustrated  by  Marey,1  by  attaching  to  the  pipe 
of  a small  forcing  pump,  worked  by  alternate  strokes  of  the  piston,  a 
long  elastic  tube  open  at  its  farther  extremity.  At  different  points 
upon  this  tube  are  placed  small  movable  levers,  which  are  raised  by  the 
distension  of  the  tube  whenever  water  is  driven  into  it  by  the  forcing 
pump.  Each  lever  carries  upon  its  extremity  a small  pencil,  which 
marks  upon  a strip  of  paper,  moving  with  uniform  rapidity,  the  lines 
produced  by  its  alternate  elevation  and  depression.  By  these  curves 
both  the  extent  and  rapidity  of  distension  of  different  parts  of  the  elastic 
tube  are  accurately  registered.  The  curves  thus  produced  are  as  follows : 


Fig.  111. 


Cubves  of  Pulsation  in  an  Elastic  Tube.  — 1.  Near  the  distending  force 
2.  At  a distance  from  it.  3.  Still  farther  removed. 


From  these  experiments  it  is  shown  that  the  distension  produced  by 
the  stroke  of  the  forcing  pump  begins  at  the  same  moment  throughout 

1 Journal  de  la  Physiologie.  Paris,  Avril,  1859 
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the  entire  length  of  the  tube,  and  that  the  whole  time  of  a pulsation  is 
everywhere  of  equal  duration.  But  near  the  commencement  of  the  tube, 
the  expansion  is  wide  and  sudden,  and  occupies  only  a sixth  part  of  the 
entire  pulsation,  while  all  the  rest  is  taken  up  by  a slow  reaction.  At 
more  remote  points  the  period  of  expansion  becomes  longer  and  that  of 
collapse  shorter ; until  finally,  at  a certain  distance,  the  amount  of  ex- 
pansion is  reduced  one-half,  and  at  the  same  time  the  two  periods  are 
completely  equalized. 

Automatic  Registration  of  the  Arterial  Pulse;  the  Sphygmograph — 
The  frequency  and  characters  of  the  arterial  pulse  may  be  permanently 
recorded  by  the  use  of  a movable  lever  capable  of  registering  its  own 
oscillations,  and  so  arranged  that  it  may  be  applied  to  any  of  the  super- 
ficial arteries  in  the  living  body.  This  instrument,  which  was  first  made 
practically  serviceable  by  the  improvements  of  Marey,  is  the  sphygmo- 
graph. It  consists  of  a small  ivory  plate,  which  is  gently  pressed  upon 
the  artery  by  means  of  a fine  spring,  and  which  thus  rises  and  falls  with 
each  expansion  and  collapse  of  the  arterial  tube.  The  motion  of  the 
plate  is  communicated  to  a vertical  metallic  rod  touching  the  under  sui- 
face  of  the  registering  lever  near  its  attached  extremity.  rl  he  oscillating 
extremity  of  the  lever,  when  the  instrument  is  in  operation,  thus  follows 
the  movements  of  the  ivory  plate,  and  registers  faithfully  upon  the  stiip 
of  paper,  the  frequency  and  form  of  the  arterial  pulsations. 

The  advantage  of  this  instrument  is,  first,  that  the  length  of  the  lever 
magnifies  to  the  eye  the  extent  of  the  arterial  oscillations,  and  thus 
enables  us  to  perceive  movements  too  delicate  to  be  distinguished  bj 
the  touch  alone ; and,  secondly,  that,  each  part  of  a pulsation  being 
permanently  registered  upon  paper,  the  most  evanescent  changes  in  the 
form  of  the  artery  may  be  afterward  studied  at  leisure  and  compaied 
with  each  other. 

By  the  use  of  the  sphj^gmograph  it  is  shown,  that,  while  theie  is  a 
general  resemblance  in  the  form  of  pulsation  of  different  aiteiies,  neaily 
every  vessel  to  which  the  instrument  can  be  applied  presents  certain 
peculiarities  dependent  on  its  size,  position,  and  distance  fiom  the 
heart.  In  the  radial  artery  at  the  wrist,  each  pulsation  consists  of  a 


Fig.  112. 


Tbace  OB  THE  Radial  Pulse,  taken  by  the  Sphygmograph. 


sudden  expansion  of  the  vessel,  indicated  by  a rapid  upward  movement 
of  the  lever,  making,  in  the  trace,  a straight,  nearly  vertical  lme.  This 
is  followed  by  a gradual  descent  corresponding  with  the  collapse  of  the 
artery  until  it  reaches  the  lowest  point  of  the  trace,  when  the  move- 
ment of  ascension  again  takes  place,  and  so  on  alternately.  The  line 
of  descent,  however,  is  not  straight,  like  that  of  ascension,  but  is  market 
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by  one,  and  sometimes  by  two  or  even  three  slight  undulations,  indi- 
cating a corresponding  variation  in  the  tension  ot  the  artery  during  its 
period  of  collapse. 

The  undulations  in  the  line  of  descent,  in  the  sphygmograph  tracing, 
are  due  to  an  oscillation  in  the  mass  of  the  blood,  subsequent  to  the 
impulse  of  the  heart,  and  during  the  reaction  of  the  arterial  system. 
Marey  has  shown,  by  a series  of  well-conducted  experiments,1  that 
similar  oscillations  are  produced  when  any  incompressible  liquid  is 
driven  bjr  a sudden  impulse  into  an  elastic  tube;  and  that  they  aie  indi- 
cated by  a similar  movement  of  the  index  of  the  sphygmograph.  When 
the  heart’s  impulse  is  moderate,  and  the  tension  of  the  arteiial  system 
fully  developed,  the  undulations  in  the  descending  line  of  the  pulse  are 
only  slightly  perceptible;  but  when  the  heart’s  impulse  is  moie  lapid, 
and  the  arterial  tension  diminished,  the  undulations  become  moie 
marked.  Marey  found  that  he  could  procure  upon  his  own  person 
traces  of  different  form,  in  this  respect,  by  simply  increasing  the  tem- 
perature of  the  body  by  the  addition  of  warmer  clothing.  The  following 
are  three  traces  of  the  radial  pulse  obtained  in  this  way,  by  increasing 
the  quantity  of  clothing  at  intervals  of  twenty  minutes. 


Pig.  113. 


Fig.  115. 


Variations  on  the  Radial  Pulse,  under  the  influence  of  increased  temperature. 

(Marey.) 

Dicrotic  Pulse. — In  certain  conditions,  accompanied  by  rapid  pulsa- 
tion of  the  heart  with  greatly  diminished  arterial  tension,  the  rebound 
or  oscillation  of  the  artery  becomes  so  marked,  in  proportion  to  the 
original  impulse,  that  it  is  easily  perceived  by  the  finger,  and  thus  the 
pulse  is  apparently  reduplicated;  that  is,  there  are  two  pulsations  of 
the  artery  for  each  contraction  of  the  heart,  namely,  one  due  to  the 
original  impulse,  and  another  due  to  the  oscillation  of  the  blood  in  the 

1 Physiologic  M6dicale  de  la  Circulation  du  Sang.  Paris,  1863,  p.  266. 
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feebly  distended  artery.  This  is  the  dicrotic  pulse,  which  is  often 
present  in  diseases  of  a typhoid  character. 


Fig.  116 


Dicrotic  Pux.be  of  Typhoid  Pneumonia.  (Marey.) 


Fig.  117, 


Dicrotic  Pulse  on  Typhoid  Fever  (Marey.) 


It  is  evident  that  the  dicrotic  character  of  the  pulse  is  not,  in  reality, 
peculiar  to  diseased  conditions,  since  the  sphygmograph  shows  that  it 
exists  more  or  less  perfectly  in  a state  of  health ; only  it  is  too  slight 
in  degree  to  be  appreciated  by  the  finger. 

Koschlakoff1  has  succeeded  in  verifying  the  results  obtained  from 
the  sphygmograph,  and  in  demonstrating  the  mechanism  of  the  dicrotic 
pulse.  He  shows  that  if  a liquid  be  driven  by  a rapid  impulse  through 
an  elastic  tube,  connected  with  two  separate  pressure  gauges,  one 
situated  near  the  point  of  entrance  of  the  liquid,  the  other  near  its  point 
of  exit,  the  liquid  will  rise  in  the  first  gauge  before  the  increased  pres- 
sure reaches  the  second  ; that  it  then  falls  while  the  second  is  lising, 
and  again  rises  while  the  second  falls;  showing  an  alternate  increase 
and  diminution  of  pressure  in  the  two  extremities  of  the  elastic  tube. 
This  alternation  continues  until  the  pressure  is  equalized,  or  until  the 
tube  is  again  distended  by  a new  impulse. 

Pulsating  Movement  of  the  Blood  in  the  Arterial  System.— Owing  to 
the  alternate  contraction  and  relaxation  of  the  heart,  the  blood  passes 
through  the  arteries  in  a series  of  impulses ; and  the  hemorrhage  from 
a wounded  artery  is  distinguished  from  venous  or  capillary  hemorrhage 
by  the  fact  that  the  blood  flows  in  successive  jets,  as  well  as  more 
rapidly  and  abundantly.  If  a slender  canula  be  introduced  through  the 
walls  of  the  left  ventricle,  in  the  exposed  heart  of  a living  animal,  the 
flow  of  blood  from  its  external  orifice  is  seen  to  be  completely  intermit- 
tent. A strong  jet  takes  place  at  each  ventricular  contraction,  and  at  each 
relaxation  the  flow  is  interrupted.  If  a puncture  be  made,  however,  in 
any  of  the  large  arteries  near  the  heart,  the  flow  of  blood  through  the 
opening  is  no  longer  intermittent,  but  continuous;  only  it  is  much 
stronger  at  the  time  of  the  ventricular  contraction,  and  diminishes, 
though  it  does  not  entirely  cease,  at  the  time  of  relaxation.  If  the 
blood  were  driven  through  rigid  and  unyielding  tubes,  its  flow  would 

i iu  Lorain  Etudes  de  M6decine  Clinique.'  Paris,  1870,  p 75 
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be  everywhere  intermittent ; and  it  would  be  delivered  from  an  orifice 
situated  at  any  point,  in  perfectly  interrupted  jets.  But  the  arteries 
are  yielding  and  elastic ; and  this  elasticity  moderates  the  force  of  the 
separate  arterial  pulsations,  and  partially  fuses  them  with  each  other. 
The  effect  of  this  is  to  produce,  in  the  larger  and  medium-sized  arteries, 
a movement  of  the  blood  which  is  increased  in  rapidity  and  volume  at 
each  cardiac  impulse,  and  diminished  in  the  interval  of  relaxation. 

Equalization  of  the  Blood-current  in  the  peripheral  parts  of  the 
Arterial  System.— It  has  already  been  shown  that  the  distensible  and 
elastic  properties  of  the  arterial  walls  have  the  effect  of  making  the  flow 
of  blood  more  continuous  than  it  would  be  if  subjected  only  to  the 
intermitting  action  of  the  heart.  A part  of  the  force  ot  each  cardiac 
pulsation  is  absorbed  for  the  time  in  the  distension  of  the  artery ; and 
this  force  is  again  returned  in  the  form  of  an  impulse  to  the  blood  at 
the  following  interval,  by  the  elastic  reaction  of  the  vessel.  The  farther 
from  the  heart  the  blood  recedes,  the  greater  becomes  the  influence  of 
the  intervening  arteries ; and  thus  the  remittent  or  pulsating  character 
of  the  arterial  current,  which  is  strongly  pronounced  in  the  vicinity  of 
the  heart,  becomes  gradually  diminished  during  its  passage  through  the 
vessels,  until  in  the  smaller  arteries,  like  the  labials,  it  is  hardly  peicep- 
tible  to  the  unaided  eye. 

The  physical  influence  of  an  elastic  medium,  in  equalizing  the  force 
of  an  interrupted  current,  may  be  shown  by  forcing  water  from  a 
syringe  alternately  through  two  tubes,  one  of  India  rubber,  the  othei  of 
glass 'or  metal.  Whatever  be  the  length  of  the  inelastic  tube,  the  water 
thrown  into  one  extremity  will  be  delivered  from  the  other  in  distinct 
jets,  corresponding  with  the  strokes  of  the  piston:  but  if  the  metallic 
tube  be  replaced  by  one  of  India  rubber  of  sufficient  length,  the  elas- 
ticity of  this  substance  merges  the  separate  impulses  into  each  other, 
and  the  water  is  discharged  from  the  farther  extremity  in  a continuous 
stream. 

The  elasticity  of  the  arteries  never  entirely  equalizes  the  force  of  the 
separate  pulsations,  since  a pulsating  character  can  be  seen  in  the  flow 
of  the  blood  through  even  the  smallest  arteries,  if  examined  under  the 
microscope  ; but  this  pulsating  character  diminishes  from  the  heart  out- 
ward, and  the  current  becomes  much  more  continuous  in  the  smaller 
vessels  than  in  the  larger  arteries  or  in  those  of  medium  size. 

The  Arterial  Pressure. — The  arterial  circulation,  as  shown  by  the 
above  facts,  is  not  an  entirely  simple  phenomenon,  but  is  the  combined 
result  of  two  different  physical  forces.  It  is  due,  first,  to  the  intermit- 
ting action  of  the  heart,  by  which  the  blood  is  driven  in  successive  im- 
pulses from  within  outward  ; and,  secondly,  to  the  elasticity  of  the  entire 
arterial  system,  by  which  it  is  subjected  to  a continuous  pressure. 

If  any  one  of  the  larger  or  medium  sized  arteries  be  divided,  in  the 
living  animal,  and  a glass  tube  of  the  same  diameter  securely  fixed  in 
its  open  orifice  and  held  in  the  vertical  position,  the  blood  will  at  once 
rise  in  the  tube  to  a height  of  five  and  a half  or  six  feet,  and  will  con- 
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tinue  to  oscillate  at  or  about  this  level.  The  height  of  the  column  of 
fluid,  thus  supported  outside  the  body,  indicates  the  degree  of  pressure 
to  which  the  blood  is  subjected  in  the  interior  of  the  vessels.  This 
pressure,  due  to  the  reaction  of  the  entire  arterial  system,  is  known  as 
the  arterial  pressure. 

The  arterial  pressure  is  best  measured  by  connecting  the  open  artery, 
by  a flexible  tube,  with  a small  reservoir  of  mercury,  provided  with  a 
narrow  upright  glass  tube,  open  at  its  upper  extremity.  When  the 
mercury  in  the  receiver  is  exposed  to  the  pressure  of  the  arterial  blood, 
it  rises  in  the  upright  tube  to  a corresponding  height. 

This  pressure  averages,  in  the  dog  and  other  animals  of  similar  size, 
150  millimetres  of  mercury. 

When  such  an  instrument  is  connected  with  the  carotid  artery,  the 
level  of  the  mercury  in  the  upright  tube,  while  indicating  on  the  whole 
an  average  pressure,  exhibits  two  series  of  oscillations ; showing  that 
the  degree  of  the  blood-pressure  is  constantly  changing,  owing  to  two 
different  causes.  One  of  these  oscillations  is  synchronous  with  the  move- 
ments of  respiration.  At  every  inspiration,  the  level  of  the  mercury 
falls  somewhat,  with  every  expiration  it  rises.  As  the  movement  of  in- 
spiration consists  in  an  expansion  of  the  cavity  of  the  chest,  its  effect  is 
to  diminish  the  support  afforded  the  heart  and  great  bloodvessels,  and  of 
course  to  lower  in  a similar  degree  the  tension  of  the  whole  arterial 
system.  At  the  moment  of  expiration,  on  the  other  hand,  the  thoracic 
parietes  return  to  their  former  position,  and  the  pressure  upon  the  heart 
and  the  arteries  in  the  chest  is  re-established.  These  changes  are  indi- 
cated by  corresponding  slow  fluctuations  in  the  arterial  pressure  and  in 
the  height  of  the  mercurial  column.  The  oscillations  of  the  mercury 
due  to  respiration,  however,  are  not  at  all  uniiorm,  but  vary  according 
to  the  condition  of  the  respiratory  movements.  When  respiration  is 
active  and  somewhat  labored,  the  oscillations  may  reach  the  extent  of 
30  millimetres ; when  it  is  very  quiet,  as  in  an  animal  deeply  etherized, 
they  may  diminish  so  far  as  to  be  nearly  or  quite  imperceptible. 

The  other  series  of  oscillations  is  a more  constant  one  and  is  due  to 
the  cardiac  pulsations,  it  consists  of  comparatively  rapid  undulations 
of  the  mercurial  column,  simultaneous  with  the  movements  of  the  heart. 
At  every  contraction  of  the  ventricle,  the  mercury  rises  from  12  to  15 
millimetres,  and  at  every  relaxation  it  falls  to  its  previous  level.  Thus 
the  instrument  becomes  a measure,  not  only  for  the  constant  pressure 
of  the  arteries,  but  also  for  the  intermitting  pressure  of  the  heart ; and 
on  that  account  it  has  received  the  name  of  the  cardiometer.  It  is  seen, 
accordingly,  that  each  contraction  of  the  heart  is  superior  in  force  to 
the  resistance  of  the  arteries  by  nearly  one-tenth ; and  the  arterial  system 
is,  therefore,  kept  filled  by  successive  cardiac  pulsations,  and  the  arterial 
tension  maintained,  notwithstanding  that  the  blood  is  constantly  being 
discharged  from  the  arteries  into  the  capillary  circulation. 

Velocity  of  the  Arterial  Current. — The  rapidity  with  which  the  blood 
moves  in  the  arterial  tubes  is  much  greater  than  in  any  other  part  of  the 
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vascular  system.  Its  exact  rate  varies  somewhat  according  to  the 
situation  of  the  vessel  and  the  period  of  the  pulsation.  Its  velocity  is 
greatest  in  the  immediate  neighborhood  of  the  heart,  and  diminishes  as 
the'  blood  recedes  from  the  centre  of  the  circulation.  The  successive 
division  of  the  aorta  and  its  primary  branches  into  smaller  and  smaller 
ramifications  increases  the  extent  of  surface  of  the  arterial  walls  with 
which  the  blood  comes  in  contact.  The  adhesion  produced  by  this  con- 
tact, as  well  as  the  mechanical  obstacle  arising  from  the  frequent  division 
of  the  vessels  and  the  separation  of  the  streams,  contributes  to  retard 
the  current,  which  accordingly  becomes  perceptibly  slower  in  the  small 
arteries  than  in  those  of  larger  or  medium  size.  In  the  smallest  arte- 
ries, as  examined  by  the  microscope  in  the  transparent  tissues,  the  par- 
tial'adhesion  of  the  blood  to  the  vascular  wall,  and  the  greater  rapidity 
of  its  flow  in  the  axis  of  the  vessel  are  readily  perceptible.  The  con- 
sistency of  the  circulating  fluid,  however,  and  the  smoothness  of  the 
internal  surface  of  the  arteries,  are  such  that  this  obstacle  to  the  move- 
ment of  the  blood  has  only  a very  partial  influence  in  retarding  its  flow; 
and  even  in  the  smallest  arteries  it  is  so  rapid,  when  seen  under  the 
microscope,  that  the  shape  of  the  separate  blood-globules  cannot  be  dis- 
tinguished, but  only  a mingled  current  shooting  forward  with  increased 
velocity  at  each  cardiac  pulsation. 

The  average  rapidity  of  the  blood  stream  in  the  larger  arteries,  in 
dogs,  horses,  and  calves,  was  determined  by  Volkmann,  as  30  centi- 
metres per  second.  The  most  exact  experiments  on  this  point  are 
those  of  Chauveau.1  He  experimented  by  introducing  into  the  carotid 
artery  of  the  horse  a brass 
tube  with  thin  walls,  about  five 
centimetres  long  and  eight 
or  nine  millimetres  in  diame- 
ter. The  tube  was  introduced 
through  a longitudinal  incision 
in  the  walls  of  the  exposed 
vessel,  and  secured  in  position 
by  a ligature  near  each  ex- 
tremity ; so  that  the  arterial 
current  would  pass,  without 
serious  obstruction,  through 
the  brass  tube  forming,  for  the 
time,  a part  of  the  arterial 
walls.  In  the  side  of  the  tube 
was  a small  opening,  three 
millimetres  long  by  one  and 
a half  millimetre  wide,  closed 
by  an  elastic  membrane  pro- 
perly seoured  so  as  to  prevent  the  escape  of  the  blood.  Through  the 
centre  of  the  elastic  membrane  there  was  passed  a very  light  metallic 


Fig.  118. 


c 


Oeadybau's  Instrument,  for  measuring 
the  rapidity  of  the  arterial  current.— a.  Brass  tube, 
introduced  into  the  calibre  of  the  nrtery.  b.  Index- 
needle  passing  through  the  elastic  membrane  in 
the  side  of  the  brnss  tube,  and  moving  by  the  im- 
pulse of  the  blood-current,  c.  Graduated  scale, 
for  measuring  the  extent  of  the  oscillations  of 
the  needle. 


1 Journal  de  la  Physiologie,  Paris,  Octobre,  1860,  p.  695. 
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needle,  the  inner  extremity  of  which,  somewhat  ilattened  in  shape,  pro- 
jected into  the  interior  of  the  vessel,  and  received  the  impulse  of  the 
arterial  blood ; while  the  outer  portion,  prolonged  into  a slender  index, 
marked  upon  a semicircular  graduated  scale  the  oscillations  of  the 
inner  extremity,  and  consequently  the  varying  rapidity  of  the  arterial 
current.  The  actual  velocity,  indicated  by  any  given  oscillation  of  the 
needle,  was  ascertained  beforehand  by  attaching  the  apparatus  to  an 
elastic  tube  and  passing  through  it  a stream  of  warm  water  of  known 
rapidity. 

Chauveau  found,  by  these  experiments,  that  the  details  of  the  circu- 
latory movement  differ  somewhat  in  the  larger  arteries  near  the  heart 
from  those  in  the  smaller  branches  farther  removed. 

a.  In  the  carotid  arter}-,  at  the  instant  of  the  systole  of  the  heart,  the 
blood  is  suddenly  put  in  motion  with  a high  degree  of  rapidity,  amount- 
ing on  the  average  to  a little  over  fifty  centimetres  per  second. 

At  the  termination  of  the  systole,  and  immediately  before  the  closure 
of  the  aortic  valves,  the  movement  of  the  blood  decreases  considerably, 
and  may  even,  for  the  time,  be  completely  arrested. 

At  the  instant  of  closure  of  the  aortic  valves,  the  circulation  receives 
a new  impulse,  and  the  blood  again  moves  forward  with  a velocity  of 
rather  more  than  20  centimetres  per  second. 

Subsequently,  the  rapidity  of  the  current  diminishes  gradually  during 
the  period  of  the  heart’s  inaction,  until,  at  the  end  of  this  period  and 
just  before  a new  systole,  it  is  reduced,  on  the  average,  to  15  centi- 
metres per  second. 

b.  In  the  smaller  arterial  branches,  such  as  the  facial,  the  movement 
of  the  arterial  current  is  more  uniform.  It  is  less  rapid  at  the  moment 
of  the  heart’s  systole;  and  on  the  other  hand,  it  is  always  more  active 
during  the  period  of  ventricular  repose. 

The  secondary  impulse,  following  the  closure  of  the  aortic  valves,  is 
much  less  perceptible  than  in  the  larger  arteries,  and  may  even  be  alto- 
gether absent. 

The  Venous  Circulation. 

Tim  veins  are  composed,  like  the  arteries,  of  three  coats ; an  inner, 
middle,  and  exterior.  They  differ  from  the  arteries  in  containing  a 
much  smaller  quantity  of  muscular  and  elastic  fibres,  and  a larger  pro- 
portion of  condensed  connective  tissue.  They  are  consequently  more 
flaccid  and  compressible  than  the  arteries,  and  less  elastic  and  contrac- 
tile. They  are  furthermore  distinguished,  throughout  the  limbs,  neck, 
and  external  portions  of  the  head  and  trunk,  by  being  provided  with 
valves,  arranged  in  the  form  of  festoons,  and  so  placed  as  to  allow  the 
blood  to  pass  readily  from  the  periphery  toward  the  heart,  while  they 
prevent  its  reflux  in  the  opposite  direction. 

Although  the  walls  of  the  veins  are  thinner  and  less  elastic  than  those 
of  the  arteries,  yet  their  capacity  for  resistance  to  pressure  is  equal,  or 
even  superior,  to  that  of  the  arteries.  JVIilne  Edwards  has  collected  the 
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results  of  various  experiments,  which  show  that  the  veins  will  some- 
times resist  a pressure  which  is  sufficient  to  rupture  the  walls  of  the 
arteries.1  In  one  instance  the  jugular  vein  supported,  without  breaking, 
a pressure  equal  to  a column  of  water  148  feet  in  height ; and  in  another, 
the  iliac  vein  of  a sheep  resisted  a pressure  of  more  than  four  atmos- 
pheres. The  portal  vein  was  found  capable  of  resisting  a pressure  of 
six  atmospheres ; and  in  one  case,  in  which  the  aorta  of  a sheep  was 
ruptured  by  a pressure  of  12  kilogrammes,  the  vena  cava  of  the  same 
animal  supported  a pressure  equal  to  80  kilogrammes. 

This  property  of  the  veins  is  to  be  attributed  to  the  abundance  of 
white  fibrous  tissue  in  their  composition ; the  same  tissue  which  forms 
nearly  the  whole  of  the  tendons  and  fasciae,  and  which  is  distinguished 
by- its  density  and  unyielding  nature. 

The  elasticity  of  the  veins,  on  the  other  hand,  is  much  less  than  that 
of  the  arteries.  When  filled  with  blood,  they  enlarge  to  a certain  size  ; 
and  when  cut  across  and  emptied,  their  sides  simply  collapse  and  remain 
in  contact  with  each  other. 

Another  peculiarity  of  the  venous  system  consists  in  its  numerous 
independent  and  communicating  channels. 

In  injected  preparations,  two,  three,  or  more  veins  are  often  to  be 
seen  coming,  together,  from  the  same  region  of  the  body,  and  presenting 
frequent  transverse  communications.  The  deep  veins  accompanying  the 
brachial  artery  inosculate  freely  with  each  other,  and  also  with  the 
superficial  veins  of  the  arm.  In  the  veins  coming  from  the  head,  the 
external  jugulars  communicate  with  the  thyroid  veins,  the  anterior 
jugular,  and  the  brachial  veins.  The  external  and  internal  jugulars 
commuicate  with  each  other,  and  the  two  thyroid  veins  also  form  an 
abundant  plexus  in  front  of  the  trachea. 

Thus  the  blood,  coming  from  the  extremities  toward  the  heart,  flows, 
not  in  a single  channel,  but  in  several ; and  as  these  channels  communi- 
cate freely  with  each  other,  the  blood  passes  most  abundantly  some- 
times through  one  of  them,  and  sometimes  through  another. 

Movement  of  the  Blood  through  the  Venous  System. — The  flow  of 
blood  through  the  veins  is  less  powerful  and  regular  than  that  through 
the  arteries.  It  depends  on  the  combined  action  of  three  different  physi- 
cal forces. 

I.  The  most  constant  and  important  of  these  forces  is  the  pressure 
of  the  blood  from  the  capillary  circulation.  The  blood  moves  from  the 
arteries  into  and  through  the  capillary  vessels,  under  an  impulse  derived 
originally  from  the  contractions  of  the  heart,  and  converted  by  the  elas- 
ticity of  the  arterial  walls  into  a more  or  less  steady  and  uniform  pres- 
sure. This  pressure  is  not  entirely  exhausted  in  carrying  the  blood 
through  the  narrow  channels  of  the  capillary  system ; and  it  accord- 
ingly emerges  from  these  .vessels  and  enters  the  commencement  of  the 
veins  with  a certain  amount  of  force  sufficient  to  fill  the  venous  rootlets 


1 Lecons  sur  la  Pliysiologie.  Paris,  1859,  tome  iv.  p.  301. 
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and  to  pass  thence  into  the  larger  branches  and  trunks  of  the  venous 
system.  As  the  veins  converge  from  the  periphery  toward  the  centre, 
and  unite  into  branches  of  larger  calibre,  the  resistance  afforded  by 
contact  of  the  circulating  fluid  with  their  inner  surfaces  constantly 
diminishes  from  without  inward;  and  every  contraction  of  the  right 
ventricle,  accompanied  by  the  closure  of  the  tricuspid  valve,  expels  a 
certain  quantity  of  venous  blood,  and  thus  relieves  the  returning  current 
from  the  obstacle  of  its  accumulation.  As  the  pi'essure  of  the  blood 
from  the  capillaries  continues  uniform,  and  as  the  resistance  to  it  is 
incessantly  neutralized  by  the  action  of  the  right  ventricle,  it  forms 
the  most  simple  and  effective  cause  for  the  movement  of  the  blood 
through  the  venous  channels. 

II.  The  flow  of  the  blood  through  the  veins  is  also  aided  in  great 
measure  by  the  contraction  of  the  voluntary  muscles.  The  veins  which 
convey  the  blood  through  the  limbs,  and  the  parietes  of  the  head  and 
trunk,  lie  among  voluntary  muscles  which  are  more  or  less  constantly 
in  a state  of  alternate  contraction  and  relaxation.  At  every  contraction 
these  muscles  become  swollen  laterally,  and  thus  compress  the  veins 
situated  between  them.  The  blood,  expelled  from  the  vein  by  this  pres- 
sure, cannot  regurgitate  toward  the  capillaries,  owing  to  the  venous 
valves,  which  shut  back  and  prevent  its  reflux.  It  is  accordingly  forced 
onward  toward  the  heart;  and' when  the  muscle  relaxes  and  the  vein  is 
liberated  from  pressure,  it  is  again  filled  from  behind,  and  the  circula- 
tion goes  on  as  before. 


Fig.  119.  Fig  120. 


passing  off  by  a lateral  channel. 


This  force  is  very  efficient  in  maintaining  the  venous  circulation ; 
since  the  voluntary  muscles  are  more  or  less  active  in  every  position  of 
the  body,  and  the  veins  are  thus  alternately  subjected  to  compression 
and  relaxation.  The  entire  voluntary  muscular  system  acts  in  this  way 
by  communicating  to  the  venous  current  indirect  impulses  of  frequent 


THE  CAPILLARY  CIRCULATION. 


343 


repetition,  which,  combined  with  the  action  of  the  valves,  urge  the  blood 
from  the  periphery  toward  the  heart. 

III.  A third  cause,  which  is  more  or  less  active  in  promoting  the 
movement  of  the  venous  blood,  is  the  force  of  aspiration  exerted  by 
the  thorax.  When  the  chest  expands  by  the  lifting  of  the  ribs  and  the 
descent  of  the  diaphragm,  this  movement  tends  to  diminish  the  pressure 
upon  its  contents,  and  consequently  to  draw  into  the  thoracic  cavity  any 
fluids  which  can  gain  access  to  it.  The  expanded  cavity  is  principally 
filled  by  the  atmospheric  air,  which  passes  in  through  the  trachea  to  fill 
the  bronchial  tubes  and  the  pulmonary  vesicles.  But  the  blood  in  the 
neighboring  parts  of  the  venous  system  is  solicited  at  the  same  time, 
though  to  a less  degree,  in  a similar  direction.  This  force  of  aspiration, 
like  the  respiratory  movements  themselves,  is  gentle  and  uniform  in 
character.  Its  influence  extends  indirectly  throughout  the  venous  sys- 
tem, each  expansion  of  the  chest  causing  an  increased  flow  of  blood  from 
the  extra-  to  the  intra- thoracic  veins,  while  the  former  are  filled  up  from 
behind  as  fast  as  they  are  emptied  in  front. 

Rapidity  of  the  Venous  Circulation.— With  regard  to  the  velocity  of 
the  venous  current,  no  direct  results  have  been  obtained  by  experiment. 
Owing  to  the  flaccidity  of  the  veins,  and  the  readiness  with  which  the 
flow  of  blood  through  them  is  disturbed,  it  is  not  possible  to  determine 
this  point,  in  the  same  manner  as  it  has  been  determined  for  the  arteries. 
The  only  calculation  which  has  been  made  in  this  respect  is  based  upon 
a comparison  of  the  total  capacity  of  the  arterial  and  venous  systems. 
As  the  same  blood  which  passes  outward  through  the  arteries  returns 
inward  through  the  veins,  the  rapidity  of  its  flow  in  each  direction  must 
be  in  inverse  proportion  to  the  capacity  of  the  two  systems.  The  ca- 
pacity of  the  entire  venous  system,  when  distended  by  injection,  is  about 
twice  as  great  as  that  of  the  entire  arterial  system.  During  life,  how- 
ever, the  venous  system  is  at  no  time  so  completely  filled  with  blood  as 
is  the  case  with  the  arteries ; and,  making  allowance  for  this  difference, 
it  may  be  estimated  that  the  entire  quantity  of  venous  blood  is  to  the 
entire  quantity  of  arterial  blood  nearly  as  three  to  two.  The  velocity 
of  the  venous  blood,  as  compared  with  that  of  the  arterial,  is  therefore 
as  two  to  three  ; and  if  we  regard  the  average  rapidity  of  the  arterial 
current,  according  to  Yolkmann’s  experiments,  as  30  centimetres  per 
second,  this  would  give  the  movement  of  blood  in  the  large  veins  as 
about  20  centimetres  per  second.  This  calculation,  however,  is  alto- 
gether an  approximative  one ; since  the  venous  circulation  varies, 
according  to  many  different  circumstances,  in  different  parts  of  the 
body.  It  may  nevertheless  be  considered  as  expressing  with  sufficient 
accuracy  the  general  relative  velocity  of  the  arterial  and  venous  currents 
in  corresponding  parts  of  their  course. 

The  Capillary  Circulation. 

The  capillary  bloodvessels  are  minute  inosculating  tubes,  which  per- 
meate the  vascular  organs  in  various  directions,  and  bring  the  blood  into 
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indirect  contact  with  the  substance  of  the  tissues.  They  are  continuous 
with  the  terminal  ramifications  of  the  arteries  on  the  one  hand,  and  with 
the  commencing  rootlets  of  the  veins  on  the  other.  They  vary  some- 
what in  size  in  the  different  organs  and  tissues,  their  average  diameter 
in  the  human  subject  being  about  10  mmm.,  or  ol  a millimetre.  The 
largest  capillaries,  according  to  Kolliker,  in  the  glands  and  the  osseous 
tissue,  may  reach  the  diameter  of  15  mmm. ; while  the  smallest,  in  the 
muscles,  the  nerves,  and  the  retina,  are  4.5  mmm.,  that  is,  almost  exactly 
the  size  of  the  smallest  of  the  red  globules  of  the  blood. 

As  the  arterial  ramifications  approach  the  confines  of  the  capillary 
system  they  diminish  gradually  in  size,  and  lose  first  their  external 
coat  of  connective  tissue.  Their  middle  coat  at  the  same  time  becomes 
reduced  to  a single  layer  of  fusiform  muscular  fibres,  which  become 
in  turn  less  numerous,  and  lastly  disappear  altogether.  The  vascular 
canal  is  thus  finally  composed  only  of  a single  tunic  continuous  with 
the  internal  coat  of  the  arterial  ramifications. 

The  capillary  bloodvessel,  examined  in  its  recent  condition,  as  ex- 
tracted from  any  soft  vascular  tissue,  appears  to  consist  of  a simple, 

nearly  homogeneous  tubular  mem- 
brane, provided  with  flattened  oval 
nuclei  placed  at  more  or  less  regular 
distances  from  each  other,  and  pro- 
jecting slightly  into  the  cavity  of  the 
vessel. 

It  has  been  found,  however,  that  if 
a capillary  bloodvessel  be  treated  with 
a weak  solution  of  silver  nitrate,  its 
inner  surface  becomes  marked  off  into 
regular  spaces,  each  of  which  includes 
a nucleus ; indicating  that  its  appa- 
rently homogeneous  tunic  is  com- 
posed of  flattened  epithelium-like 
cells,  united  with  each  other  at  their 
adjacent  edges  by  an  intervening 
cement.  It  is  this  thin  layer  of  in- 
tervening substance  which  becomes 
darkened  by  the  action  of  the  silver 
nitrate  and  thus  brings  into  view  the  outlines  of  the  cells  forming  the 
vascular  wall. 

The  form  of  the  cells  constituting  the  vascular  membrane  varies  in 
different  regions  and  in  capillaries  of  different  calibre.  According  to 
Kolliker,  in  the  smallest  capillary  bloodvessels,  measuring  from  4.5 
to  1 mmm.  in  diameter,  the  cells  are  narrow,  elongated,  and  fusiform, 
as  in  Fig.  122;  often  curled  from  side  to  side,  so  as  to  form  each  a 
half  cylinder,  two  of  them  joining  at  their  edges  to  complete  the 
capillary  tube,  and  alternating  longitudinally,  the  pointed  extremity  o 
one  cell  being  intercalated  between  those  of  the  two  following  cells.  In 


Fig.  121. 


gMilii  Aktekt,  with  its  muscular 
tunic  (a)  breaking  up  into  capillaries. 
From  the  pia  mater. 
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the  larger  capillaries,  of  8 to  13  mmm.  in  diameter,  where  the  calibre  of 
the  vessel  is  surrounded  by  three  or  four  cells  placed  side  by  side,  they 
are  shorter  and  wider  in  form,  like  those  of  ordinary  pavement  epithe- 
lium. The  arrangement  of  these  microscopic  forms  in  the  wall  of  the 


Fig.  122. 


OiriUASY  Bloodvessel,  from  the  tail  of  the  tadpole;  showing  the  outlines  of 
its  epithelium-like  cells,  rendered  visible  by  the  action  of  silver  nitrate.  (KOlliker.) 

capillary  bloodvessels  has  given  rise  to  the  opinion,  entertained  by  some 
histologists,  that  the  vascular  system  is  to  be  regarded  as  a series  of 
intercellular  canals,  provided,  in  different  regions,  with  varying  addi- 
tional layers  of  muscular,  elastic,  and  connective  tissue. 

The  capillaiy  bloodvessels  are  further  distinguished  from  both  arteries 
and  veins  by  their  frequent  inosculation.  The  arteries  constantly  divide 
and  subdivide,  as  they  pass  from  within  outward,  while  the  veins  as 
constantly  unite  with  each  other,  to  form  larger  and  less  numerous 
branches  and  trunks,  as  they  converge  from  the  periphery  toward  the 
centre;  and  although  the  arteries  always  present  inosculations  in  certain 
regions,  and  the  veins  more  frequently  still,  this  feature  is,  nevertheless, 
a secondary  or  incidental  one  in  both  vascular  systems.  The  arteries 
are  essentially  diverging  tubes  to  distribute  the  blood  from  within  out- 
ward ; the  veins  are  converging  channels  to  collect  and  transport  it  from 
without  inward. 

The  capillaries,  on  the  other  hand,  are  .mainly  characterized  by  their 
constant  and  repeated  intercommunication.  They  are  vascular  canals 
which  penetrate  the  solid  organs  and  tissues,  uniting  with  each  other  at 
23 
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short  intervals,  in  such  a manner  as  to  form  an  interlacing  network  or 
plexus  of  minute  bloodvessels,  known  as  the  capillary  plexuz.  The 

vessels  forming  this  plexus  vary 

Fig.  123. 


Capillary  Plrxtjb,  from  the  web  of  the 
frog’s  foot. 


somewhat  in  size,  abundance, 
and  arrangement  in  different 
parts  of  the  body.  In  every 
vascular  organ  and  tissue  there 
are  certain  spaces  or  islets,  in- 
closed on  all  sides  by  capilla- 
ries, but  into  the  interior  of 
which  these  vessels  do  not  pene- 
trate. Such  islets  or  intervas- 
cular  spaces  must  therefore  ob- 
tain their  nourishment  by  the 
exudation  and  absorption  of  the 
fluid  ingredients  of  the  blood 
through  the  capillary  walls  and 
the  substance  of  the  intervening 

tissue. 

The  special  arrangement  of 
the  capillary  bloodvessels,  and  the  form  and  size  of  the  meshes  of  their 
network,  are,  in  general,  characteristic  of  each  separate  organ  or  tissue. 
In  the  muscles,  the  meshes  are  in  the  form  of  long  parallelograms,  cor- 
responding with  that  of  the  muscular  fibres;  in  the  mucous  membranes 
of  the  stomach  and  large  intestine,  they  are  hexagonal,  or  irregu  ai  y 
circular,  inclosing  the  orifices  of  the  secreting  follicles;  in  the  papillae 
of  the  tongue  and  skin,  and  in  the  placental  tufts,  the  capillaries  form 
twisted  vascular  loops  ; in  the  glomeruli  of  the  kidneys,  convolute 
coils  ; in  the  connective  tissue,  irregularly  shaped  figures,  corresponc  - 
ing  in  direction  with  the  fibrous  bundles  of  the  tissue. 

The  capillary  bloodvessels  are  the  most  abundant,  and  interlaced  m 
the  finest  network,  in  those  organs  to  which  the  blood  is  distributed  01 
other  purposes  than  for  local  nutrition;  as  for  that  of  aeration,  secie- 
tion,  or  absorption.  One  of  the  closest  of  all  the  capillary  networks  is 
that  of  the  lungs,  in  which  the  diameter  of  the  spaces  separating  the 
bloodvessels,  in  the  walls  of  the  pulmonary  vesicles,  is  sometimes  a i 
greater  and  sometimes  a little  less  than  that  ot  the  capi  aiies  _ 
selves.  In  the  glandular  tissue  of  the  liver,  the  spaces  separating  the 
adjacent  vessels  are  only  a little  wider  than  the  capillaries  forming  the 
intralobular  network.  In  the  nerves,  the  serous  membranes  and 
tendons,  on  the  other  hand,  the  capillary  vessels  are  less  close ly  int  - 
woven ; and  in  the  adipose  tissue  they  form  wide,  open  meshes, 

bracing  the  exterior  of  the  separate  fat  vesicles.  . , th 

Movement  of  the  Blood  in  the  Capillary  Vessels.-I  he  motion  of  the 
blood  in  the  capillaries  may  be  studied  by  examining,  under ■the mic - 
scope  any  transparent  tissue  of  a sufficient  degree  of  vascularity.  1 he 
frog  is  the  most  convenient  animal  for  this  purpose,  owing  to  the  leadi- 
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ness  with  which  the  circulation  may  be  maintained  even  in  the  internal 
organs,  exposed  at  ordinary  temperatures.  In  order  to  secure  immo- 
bility, the  medulla  oblongata  may  first  be  broken  up  by  a strong  needle 
introduced  through  the  cranium,  or  the  voluntary  muscles  may  be  para- 
lyzed by  the  subcutaneous  injection  of  six  drops  of  a filtered  watery 
solution  of  woorara,  made  in  the  proportion  of  one  part  to  five  hundred. 
The  whole  body,  with  the  exception  of  the  part  used  for  observation, 


should  be  enveloped  in  a light  linen  or  cotton  bandage,  kept  moistened 
to  prevent  desiccation  of  the  surface.  The  tongue,  or  the  web  of  one 
foot,  may  be  stretched  over  a glass  side,  and  placed  under  the  lens  of 
the  instrument.  To  examine  the  pulmonary  circulation,  an  opening 
should  be  made  in  one  side  just  behind  the  anterior  limb,  and  the 
lung  moderately  inflated  through  the  glottis,  until  it  protrudes  through 
the  external  wound.  For  the  mesenteric  circulation,  an  incision  should 
be  made  in  the  left  flank  of  a male  frog,  a loop  of  intestine  carefully 
drawn  out  of  the  abdomen,  and  the  mesentery  allowed  to  rest  upon  a 
circular  glass  plate,  12  millimetres  in  diameter,  and  6 millimetres  in 
thickness,  cemented  upon  a large  glass  plate,  by  which  the  body  of  the 
animal  is  supported.  Under  favorable  circumstances  the  circulation 
will  go  on  in  either  of  these  organs  for  several  hours. 

When  the  circulation  is  examined  in  this  manner,  the  smaller  arte- 
ries, the  capillary  vessels,  and  the  minute  veins  are  often  visible  under 
the  microscope  in  the  same 

region.  The  blood  can  be  124:- 

seen  entering  the  field  by 
the  smaller  arteries,  shooting 
through  them  witli  great  ra- 
pidity in  successive  impulses, 
and  flowing  off  by  the  veins 
at  a somewhat  slower  rate. 

In  the  capillaries,  the  circula- 
tion is  considerably  less  rapid 
than  in  either  the  arteries  or 
the  veins.  It  is  also  perfectly 
steady  and  uninterrupted  in 
its  flow.  The  blood  moves 
through  its  vascular  channels 
in  a uniform  current,  without 
their  exhibiting  any  appear- 
ance of  contraction  or  dilata- 
tion. Another  marked  peculiarity  of  the  capillary  circulation  is  that 
it  has  no  definite  direction.  Its  numerous  streams  pass  indifferently 
above  and  below  each  other,  at  right  angles  to  each  other’s  course,  or 
even  in  opposite  directions;  so  that  the  blood,  while  in  the  capillaries, 
circulates  everywhere  among  the  tissues,  in  such  a manner  as  to  be 
distributed  to  all  parts  of  their  substance. 

The  motion  of  the  red  and  white  globules  is  also  peculiar,  and  shows 
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distinctly  the  difference  in  their  physical  properties.  In  the  larger  ves- 
sels the  red  globules  are  carried  along  in  close  column,  in  the  central 
part  of  the  stream;  while  near  the  edges  of  the  vessel  there  is  a trans- 
parent space  occupied  only  by  clear  plasma,  in  which  no  red  globules 
are  to  be  seen.  In  the  smaller  vessels  the  globules  pass  two  by  two,  or 
follow  each  other  in  single  file.  The  flexibility  and  semi-fluid  consist- 
ency of  the  red  globules  are  very  apparent  irom  the  readiness  with 
which  they  become  folded  up,  bent  or  twisted,  and  with  which  they 
glide  through  minute  branches  of  communication,  smaller  in  diameter 
than  themselves.  The  white  globules,  on  the  other  hand,  move  more 
slowly  through  the  vessels.  They  drag  along  the  external  portions  of 
the  current,  and  are  sometimes  temporarily  arrested,  adhering  for  a few 
seconds  to  the  internal  surface  of  the  vessel.  Whenever  the  current  is 
obstructed  or  retarded,  the  white  globules  accumulate  in  the  affected 
portion,  and  become  more  numerous  there  in  proportion  to  the  red. 

It  is  during  the  capillary  circulation  that  the  blood  serves  for  the 
nutrition  of  the  vascular  organs.  Its  fluid  portions  transude  through 
the  walls  of  the  vessels,  and  are  absorbed  by  the  tissues  in  the  propor- 
tions requisite  for  their  nourishment,  or  for  the  products  ot  secretion  ; 
while  its  albuminous  ingredients  are  also  transformed  into  new  materials, 
characteristic  of  the  different  tissues  and  fluids.  In  this  way  are  pro- 
duced the  myosine  of  the  muscles,  the  collagen  of  the  bones,  tendons, 
and  ligaments,  the  ptyaline  of  the  saliva,  and  the  pepsine  of  the  gastric 
juice  ; and  in  the  lungs,  the  exchange  of  oxygen  and  carbonic  acid  takes 
place  in  the  capillary  vessels.  The  blood  in  the  capillary  circulation 
thus  furnishes,  directly  or  indirectly,  the  materials  of  nutrition  for  the 
entire  body. 

Physical  Cause  of  the  Capillary  Circulation.— The  physical  condi- 
tions which  influence  the  movement  of  the  blood  in  the  capillaiies  aie 
somewhat  different  from  those  of  the  arterial  and  venous  circulations. 
By  the  successive  division  of  the  arteries  from  the  heart  outward,  the 
movement  of  pulsation  is  to  a great  extent  equalized  in  the  smallei 
arterial  branches.  But  as  these  vessels  reach  the  confines  of  the  capillary 
system,  they  suddenly  break  up  into  a terminal  ramification  of  stiff 
smaller  and  more  numerous  vessels,  and  so  lose  themselves  at  last  in 
the  capillary  network.  By  this  final  increase  of  the  vascular  surface, 
the  equalization  of  the  heart’s  action  is  completed.  There  is  no  longer 
any  pulsating  character  in  the  force  which  acts  upon  the  circulating 
fluid;  and  the  blood  moves  through  the  capillary  vessels  under  a con- 
tinuous and  uniform  pressure.  . . 

This  pressure  is  sufficient  to  cause  the  blood  to  pass  with  considerable 
rapidity  through  the  capillary  plexus,  into  the  commencement  of  the 
veins  This  fact  was  first  demonstrated  by  Sharpey,1  who  employed  an 
injecting  syringe  with  a double  nozzle,  one  extremity  of  which  was  con- 

i Todd  and  Bowman,  Physiological  Anatomy  and  Physiology  of  Man,  vol.  n. 
p.  350. 
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nectccl  ■with  a mercurial  gauge,  while  the  other  was  inserted  into  the 
artery  of  a recently  killed  animal.  When  the  syringe,  tilled  with  defi- 
brinated  blood,  was  fixed  in  this  position,  the  defibrinated  blood  would 
press  with  equal  force  upon  the  mercury  in  the  gauge  and  upon  the  fluid 
in  the  bloodvessels ; and  thus  the  height  of  the  mercurial  column  indi- 
cated the  amount  of  pressure  required  to  force  the  defibrinated  blood 
through  the  capillaries  of  the  animal,  and  to  make  it  return  by  the  cor- 
responding vein.  In  this  way  Prof.  Sharpey  found  that,  when  the  free 
end  of  the  injecting  tube  was  attached  to  the  mesenteric  artery  of  the 
dog,  a pressure  of  90  millimetres  of  mercury  caused  the  blood  to  pass 
through  the  capillaries  of  the  intestine  and  of  the  liver ; and  that  under 
a pressure  of  130  millimetres,  it  flowed  in  a full  stream  from  the  divided 
extremity  of  the  vena  cava. 

We  have  obtained  similar  results  by  experimenting  upon  the  vessels 
of  the  lower  extremity.  A full  grown  healthy  dog  was  killed,  and  one 
of  the  lower  extremities  immediately  injected  with  defibrinated  blood, 
by  the  femoral  artery,  in  order  to  prevent  coagulation  in  the  smaller 
vessels.  A syringe  with  a double  flexible  nozzle  was  then  filled  with 
defibrinated  blood,  and  one  extremity  of  its  injecting  tube  attached  to 
the  femoral  artery,  the  other  to  the  mouthpiece  of  a cardiometer.  By 
making  the  injection,  it  was  then  found  that  the  defibrinated  blood  was 
returned  from  the  femoral  vein  in  a continuous  stream  under  a pressure 
of  120  millimetres,  and  that  it  was  discharged  very  freely  under  a pres- 
sure of  130  millimetres. 

Since  the  arterial  pressure  upon  the  blood  during  life  is  equal  to  150 
millimetres  of  mercury,  it  is  evident  that  this  pressure  is  sufficient  to 
propel  the  blood  through  the  capillary  circulation. 

Furthermore,  the  blood  is  not  altogether  relieved  from  the  influence 
of  elasticity,  after  leaving  the  arteries.  For  the  capillaries  themselves 
have  a certain  degree  of  elasticity,  and  are  surrounded,  in  addition,  by 
the  tissues  of  the  organs  in  which  they  are  distributed  ; many  of  which, 
such  as  the  lungs,  spleen,  skin,  lobulated  glands,  and  mucous  membranes, 
contain  elastic  fibres  more  or  less  abundantly  disseminated  through  their 
substance.  The  effect  of  this  physical  property,  in  the  vessels  and  the 
neighboring  parts,  may  be  exhibited  in  artificial  injections  of  one  of  the 
lower  limbs  through  the  femoral  artery,  or  of  the  liver  through  the 
portal  vein.  If,  while  the  parts  are  distended  by  tbe  fluid  passing 
through  their  vessels,  the  injecting  force  be  suddenly  arrested,  the  move- 
ment of  the  current  does  not  at  once  cease,  but  the  fluid  of  injection 
continues  to  escape  for  several  seconds  from  the  femoral  or  hepatic  vein, 
owing  to  the  continuous  pressure  exerted  from  behind.  The  elasticity 
of  the  surrounding  tissues,  therefore,  supplements  that  of  the  minute 
bloodvessels,  and  aids  in  producing  a uniform  movement  of  the  capillary 
circulation. 

Velocity  of  the  Blood  in  the  Capillary  Vessels. — The  motion  of  the 
blood  in  the  capillary  vessels  is  much  less  rapid  than  in  either  the 
arteries  or  the  veins.  It  may  be  measured,  with  a tolerable  approach 
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to  accuracy,  during  the  microscopic  examination  of  transparent  and 
vascular  tissues.  The  results  obtained  in  this  wa}'  by  different  observers 
(Valentin,  Weber,  and  Volkmann),  show  that  the  rate  of  movement  of 
the  blood  through  the  capillaries  is  rather  less  than  one  millimetre  per 
second ; or  about  5 centimetres  per  minute.  Since  the  rapidity  of  the 
current  must  be  in  inverse  ratio  to  the  entire  calibre  of  the  vessels 
through  which  it  moves,  it  appears  that  the  united  calibre  of  all  the 
capillaries  must  be  not  less  than  300  times  gi’eater  than  that  of  the 
arteries.  It  does  not  follow  from  this,  however,  that  the  whole  quantity 
of  blood  contained  in  the  capillaries  at  any  one  time  is  so  much  greater 
than  that  in  the  arteries  ; since,  although  the  united  calibre  of  the  capil- 
laries is  large,  their  length  is  very  small.  The  effect  of  the  anatomical 
structure  of  the  capillary  system  is  to  disseminate  a comparatively  small 
quantity  of  blood  over  a very  large  space,  so  that  the  physiological 
reactions  necessary  to  nutrition  take  place  with  promptitude  and  energy. 
Although  the  rate  of  movement  of  the  blood  in  these  vessels,  accordingly, 
is  a -slow  one,  yet  as  the  distance  to  be  passed  over  between  the  arteries 
and  veins  is  very  small,  the  blood  requires  but  a short  time  to  traverse 
the  capillary  system,  and  to  commence  its  returning  passage  by  the  veins. 

General  Rapidity  of  the  Circulation. 

The  rapidity  with  which  the  blood  passes  through  the  entire  round 
of  the  circulation  has  been  demonstrated  by  Bering,  Poisseuille,  Mat- 
teucci,  and  Vierordt  in  the  following  manner : A solution  of  potassium 
ferrocyanide  was  injected  into  the  right  jugular  vein  of  a horse,  at  the 
same  time  that  a ligature  was  placed  upon  the  corresponding  vein  on 
the  left  side,  and  an  opening  made  in  it  above  the  ligature.  The  blood 
flowing  from  the  left  jugular  vein  was  then  received  in  separate  vessels, 
which  were  changed  every  five  seconds,  and  the  contents  afterward  ex- 
amined. It  was  thus  found  that  the  blood  drawn  from  the  first  to  the 
twentieth  second  contained  no  traces  of  the  ferrocyanide;  but  that  which 
escaped  from  the  vein  at  the  end  of  from  twenty  to  twenty-five  seconds, 
showed  unmistakable  evidence  of  the  presence  of  the  foreign  salt.  The 
potassium  ferrocyanide  must,  therefore,  during  this  time,  have  passed 
from  the  point  of  injection  to  the  right  side  of  the  heart,  thence  to  the 
lungs  and  through  the  pulmonary  circulation,  to  the  left  side  of  the 
heart  by  the  pulmonary  veins,  outward  by  the  arteries  to  the  capillary 
circulation  of  the  head  and  neck,  and  must  have  again  commenced  its 
downward  passage  to  the  heart  by  the  opposite  jugular  vein. 

By  extending  these  observations,  it  was  found  that  the  duration  of 
the  circulatory  movement  varies  to  some  extent  in  different  species  of 
animals;  being,  as  a general  rule  longer  in  those  of  larger  size.  Ihe 
main  result,  as  given  by  Milne  Edwards,’  is  as  follows: 

i Lecjons  sur  la  Physiologie.  Paris,  1859,  tome  iv.  p.  364. 
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Duration  of  tiie  Circui.atory 

In  the  Horse 

“ Dog 

“ Goat 

“ Iiabbit 


Movement. 

. . 28  seconds. 

15 

13  “ 


These  results  are  corroborated  by  subsequent  investigations.  In  ex- 
perimenting upon  the  dog,  by  injecting  a solution  of  potassium  ferrocy- 
anide  into  the  jugular  vein,  and  immediately  drawing  blood  from  the 
corresponding  vein  on  the  opposite  side,  we  have  found  that  the  short 
interval  of  time  requisite  for  closing  the  first  vein  by  ligature  after 
terminating  the  injection,  and  opening  the  second  in  such  a manner  as 
to  obtain  a specimen  of  blood  for  examination,  is  sufficient  to  allow 
of  the  passage  of  the  ferrocyanide  through  the  entire  round  of  the  cir- 
culation. If  we  regard  the  duration  of  this  movement  in  the  human 
subject  as  intermediate  between  that  in  the  dog  and  the  horse,  making 
allowance  for  the  difference  in  size,  this  would  give  the  time  required 
by  the  blood  to  make  the  circuit  of  the  veins,  arteries,  and  capillaiies, 
in  man,  as  not  far  from  20  seconds. 


Local  Variations  in  the  Capillary  Circulation. 

An  important  class  of  phenomena  connected  with  this  part  of  the 
subject  consists  of  the  local  variations  in  the  capillaiy  circulation. 
These  variations  are  often  very  marked,  and  show  themselves  in  many 
different  parts  of  the  body. ' The  pallor  or  suffusion  of  the  face  under 
mental  emotion,  the  congestion  of  the  mucous  membranes  during  diges- 
tion, and  the  local  and  defined  redness  of  the  skin  pioduced  by  any 
irritating  application,  are  all  instances  of  this  sort.  These  changes  are 
due  to  the  contraction  or  dilatation  of  the  smaller  arterial  branches 
which  supply  the  part  with  blood,  under  the  influence  of  nervous  action. 
The  middle  coat  of  these  vessels  is  composed  mainly  of  organic  or 
unstriped  muscular  fibres,  arranged  in  a transversely  circular  direction, 
which  by  their  contraction  diminish  and  by  their  relaxation  enlaige 
the  calibre  of  the  arterial  tube.  They  regulate,  accordingly,  by  this 
means,  the  quantity  of  blood  passing  to  the  capillary  system.  When 
contracted,  they  resist  more  strongly  the  impulsive  force  of  the  arterial 
current,  and  admit  the  blood  in  smaller  quantity.  When  dilated,  they 
allow  a freer  access  to  the  capillaries  and  the  blood  passes  in  greater 
abundance. 

These  changes  are  most  distinctly  manifested  in  the  periodical  con- 
gestion of  the  glandular  organs.  All  the  glands  and  mucous  membranes 
connected  with  the  digestive  apparatus  enter  into  a state  ot  unusual 
vascular  excitement  at  the  time  of  secretion  and  digestion.  This  can 
readily  be  seen,  in  the  living  animal,  in  the  pancreas,  and  in  the  mucous 
membranes  of  the  stomach  and  small  intestine;  the  tissues  ol  these 
parts  being  visibly  redder  and  more  turgid  during  digestion  and  absorp- 
tion than  in  the  fasting  condition. 

A similar  variation  of  the  circulation  has  been  particularly  studied 
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by  Bernard1  in  the  submaxillary  gland  of  the  dog.  During  the  ordinary- 
condition  of  glandular  repose  he  found  that  it  required  sixty-live  seconds 
to  obtain  live  cubic  centimetres  of  blood  from  the  submaxillary  vein ; 
but,  when  the  gland  was  excited  to  functional  activity,  the  same  quan- 
tity of  blood  was  discharged  by  the  vein  in  fifteen  seconds.  Thus  the 
volume  of  blood  passing  through  the  organ  in  a given  time  was  more 
than  four  times  as  great  while  the  gland  was  in  a state  of  active  secre- 
tion, as  in  a condition  of  repose. 

The  increased  flow  of  blood,  in  a secreting  gland,  is  accompanied  also 
by  an  important  change  in  its  appearance.  During  repose,  the  blood, 
which  enters  the  submaxillary  gland  from  the  arteries  bright  red,  is 
changed  in  its  tissue  from  arterial  to  venous,  and  passes  out  by  the 
veins  of  a dark  color.  But  when  the  secretion  of  the  gland  is  excited, 
either  by  galvanization  of  its  nerve  or  by  introducing  vinegar  into  the 
mouth  of  the  animal,  the  blood  is  not  only  discharged  in  larger  quantity, 
but  passes  out  red  by  the  veins,  so  as  hardly  to  be  distinguished  in 
color  from  arterial  blood.  When  the  secretion  of  the  gland  is  suspended, 
the  blood  in  its  vein  again  becomes  dark-colored  as  before.  There  is 
little  doubt  that  the  same  is  true  of  most  of  the  secreting  glands,  and 
that  the  blood  circulating  in  their  capillaries  is  changed  from  red  to  blue 
only  during  the  period  of  functional  repose  ; while  at  the  time  of  active 
secretion  it  not  only  passes  through  the  vessels  in  greater  abundance, 
but  also  retains  its  ruddy  color  in  the  veins. 

This  is  because,  during  the  period  of  glandular  repose,  the  blood  per- 
forms in  its  tissues  the  usual  functions  of  nutrition.  It  therefore  under- 
goes the  ordinary  changes  and  becomes  altered  in  color  from  arterial  to 
venous.  But  the  period  of  active  secretion  is  a period  of  congestion, 
during  which  the  blood  passes  in  larger  quantity,  while  its  watery  and 
saline  ingredients  exude  into  the  secretory  ducts,  bringing  with  them 
the  materials  accumulated  in  the  interval  of  repose.  There  is  nothing 
in  this  process  to  exhaust  the  oxygen  of  the  blood  or  to  change  its 
color  from  arterial  to  venous,  and  it  therefore  passes  into  the  veins 
comparatively  unaltered. 

A similar  ruddy  color  of  venous  blood  is  to  be  seen  in  the  renal  veins, 
where  it  is  often  nearly  identical  with  that  of  arterial  blood.  The  dif- 
ference in  hue  between  the  renal  veins  and  the  neighboring  muscular 
veins  or  the  vena  cava,  when  exposed  by  opening  the  abdomen  of  the 
living  animal,  is  very  marked,  provided  the  kidneys  be  at  the  time  in  a 
state  of  functional  activity.  The  greater  part  of  the  blood  traversing 
these  organs  is  changed  only  by  the  elimination  of  its  urea  and  the 
remaining  ingredients  of  the  urine,  which  exude  into  the  excretory 
tubules.  The  process  of  active  local  nutrition  is  here  altogether  sub- 
servient to  the  discharge  of  organic  materials  already  existing  in  the 
blood;  and  the  loss  of  oxygen  and  alteration  in  color  of  the  circulating 
fluid  are  thus  comparatively  insignificant. 

i Lecjons  sur  les  Liquides  de  l’Organismc.  Paris,  1859,  tome  ii.  p.  272. 
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Fig.  125. 


On  the  other  hand,  the  venous  blood  coming  from  the  muscular  tissue 
is  very  dark  colored,  especially  if  the  muscles  be  in  a state  of  active 
contraction.  As  the  muscles  form  so 
large  a part  of  the  entire  mass  of  the 
body,  their  condition  has  a prepondera- 
ting influence  upon  the  color  of  the 
venous  blood  in  general.  '1  he  greater 
the  activity  of  the  muscular  system,  the 
darker  is  the  color  of  the  blood  return- 
ing from  the  trunk  and  extremities. 

O t 

When  the  muscles  are  in  a state  ot  re- 
pose or  paralysis,  on  the  contrary,  the 
change  is  less  marked ; and  in  the  com- 
plete relaxation  produced  by  abundant 
hemorrhage  or  by  complete  etherization, 
the  blood  in  the  veins  often  approxi- 
mates in  color  to  that  in  the  arteries. 

Finally,  in  the  lungs  the  reverse  pro- 
cess takes  place.  In  these  organs  the 
blood  is  supplied  with  a fresh  quantity 
of  oxygen,  to  replace  that  which  has 
been  consumed  elsewhere ; and  accord- 
ingly it  changes  its  color  from  dark 
purple  to  bright  red  as  it  passes  through 
the  pulmonary  capillaries. 

Both  the  physical  and  chemical  phe- 
nomena, therefore,  of  the  circulation 
vary  at  different  times  and  in  different 
organs.  The  actions  which  go  on 
throughout  the  body,  are  varied  in  cha- 
racter, and  produce  a similar  difference 
in  the  phenomena  of  the  circulation. 

The  venous  blood,  consequently,  has  a 
different  composition  as  it  returns  from 
different  organs.  In  the  parotid  gland 
it  yields  the  ingredients  of  the  saliva ; 
in  the  kidneys  those  of  the  urine.  In 
the  intestine  it  absorbs  the  nutritious 
elements  of  the  digested  food;  and  in 
the  liver  it  gives  up  substances  destined 
to  produce  the  bile,  while  it  absorbs 
glucose  from  the  hepatic  tissue.  In  the 
lungs  it  changes  from  blue  to  red,  and 
in  the  capillaries  of  the  general  system, 
from  red  to  blue ; and  its  temperature,  also,  varies  in  different  veins, 
according  to  the  peculiar  chemical  and  nutritive  changes  going  on  in  the 
organs  from  which  they  originate. 
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THE  LYMPHATIC  SYSTEM. 

In  addition  to  the  connected  series  of  canals  by  which  the  blood 
passes  in  a continuous  round  through  the  arteries,  capillaries,  and  veins, 
there  is  alsd  a system  of  vessels,  leading  only  from  the  periphery  toward 
the  centre,  and  discharging  into  the  great  veins  near  the  heart  the  fluids 
which  have  been  absorbed  in  the  solid  tissues  of  the  body.  The  fluid 
contained  in  these  vessels  is  nearly  or  quite  colorless,  especially  in  thin 
layers,  and  from  its  transparent  and  watery  appearance  is  called  the 
“ lymph,”  and  the  vessels  themselves  constitute  what  is  known  as  the 
lymphatic  system. 

As  the  blood  circulates  through  the  capillaries  under  the  influence  of 
the  arterial  pressure,  certain  of  its  ingredients  transude  through  the  vas- 
cular walls  and  penetrate  the  interstices  of  the  anatomical  elements  of 
the  tissues.  An  increased  pressure  upon  the  blood,  either  from  arterial 
congestion  or  from  obstruction  to  the  venous  current,  will  increase  the 
amount  of  transudation,  producing  an  cedematous  condition  of  the  part, 
which  is  first  perceptible  in  the  loose  connective  tissue,  but  which  may 
afterward  involve  the  more  compact  substance  of  the  organs.  In  the 
normal  state  of  the  circulation,  this  interstitial  fluid,  which  is  the  real 
source  of  nutrition  for  the  solid  parts,  does  not,  however,  stagnate  in 
contact  with  them,  but  is  renewed  by  a continual  change.  As  fresh  sup- 
plies need  to  be  drawn  from  the  circulating  blood,  the  older  poitions  are 
removed  by  absorption  and  returned  to  the  centie  of  the  ciiculation  bj 
the  lymphatic  vessels.  Thus  these  vessels  may  be  considered  as  com- 
plementary in  their  function  to  the  veins.  The  blood,  containing  the  led 
globules,  requires  to  be  rapidly  and  abundantly  returned  to  the  lungs  by 
the  veins,  in  order  to  regain  the  oxygen  necessary  for  its  continued  vital- 
ity ; while  the  lymphatics  collect  more  gradually  the  fluids  which  have 
served  for  the  slower  process  of  nutrition  and  growth. 

Anatomical  Structure  and  Arrangement  of  the  Lymphatic  System. 

In  structure  the  lymphatics  do  not  essentially  differ  from  the  blood- 
vessels, their  principal  peculiarity  being  that  their  walls  are  more  delicate 
and  transparent.  This  circumstance,  together  with  the  colorless  nature 
of  their  contents,  renders  them  less  easily  recognizable  by  dissection. 
Those  of  larger  and  medium  size  consist  of  three  coats,  similar,  in 
general  characters,  to  the  corresponding  tunics  of  the  bloodvessels. 
According  to  the  observations  of  Kolliker,  the  external  coat  alone  is 
distinguished  from  that  of  the  veins  by  the  possession  of  smooth  mus- 
. ( 354  ) 
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cular  fibres  which  are  arranged  in  a longitudinal  and  oblique  direction ; 
a character  which  is  to  be  seen  in  lymphatics  of  0.2  millimetre  in  diame- 
ter and  upward.  Like  the  veins,  they  are  provided  with  numerous 
valves,  opening  toward  the  heart  and  closing  toward  the  periphery,  the 
vessel  often  presenting  a well-marked  dilatation  just  within  the  situation 
of  the  valves.  The  smallest  lymphatics  consist  of  only  a single  coat, 
composed  of  flattened,  epithelium-like,  nucleated  cells,  which  may  be 
brought  into  view,  like  those  of  the  capillary  bloodvessels,  by  the 
staining  action  of  a silver  nitrate  solution. 

Origin  and  Course  of  the  Lymphatic  Vessels. — So  far  as  the  origin 
of  the  lymphatics  has  been  demonstrated  by  injections,  these  vessels 
commence  in  the  substance  of  the  tissues  by  plexuses.  They  are  more 
abundant  in  organs  which  are  fully  supplied  with  bloodvessels,  and  are 
absent  in  tissues  where  bloodvessels  do  not  exist,  such  as  those  of  the 
cornea,  the  vitreous  body,  and  the  epithelial  coverings  of  the  skin  and 
mucous  membranes.  According  to  Von  Recklinghausen,  the  meshes 
of  the  lymphatic  plexus,  as  a general  rule,  are  intercalated  between 
those  of  the  capillary  bloodvessels;  so  that  the  point  of  junction  of  two 
or  more  lymphatics  is  always  in  the  middle  of  the  space  surrounded  by 
the  adjacent  bloodvessels.  Thus  the  lymphatic  capillary  is  situated  at 
the  greatest  distance  possible  from  the  nearest  capillary  bloodvessels ; 
and  in  the  transudation  of  fluids  from  one  to  the  other,  the  interven- 
ing substance  of  the  tissue  will  always  be  completely  traversed  by 
the  nutritious  ingredients  of  the  blood.  In  membranous  expansions 
presenting  a free  surface,  as  in  the  skin  and  mucous  membranes,  the 
plexus  of  capillary  bloodvessels  is  invariably  nearer  the  surface,  while 
the  lymphatics  occupy  a deeper  plane  beneath  it.  Even  in  the  villi  of 
the  small  intestine,  the  network  of  bloodvessels  is  situated  immediately 
under  the  epithelial  layer,  and  surrounds  the  lacteal  vessel  which  is 
placed  in  the  central  part  of  the  villus. 

Beside  the  lymphatic  capillaries  proper,  certain  irregularly  shaped 
spaces  or  canals,  containing  only  a colorless  or  serous  fluid,  have  been 
found  in  organs  consisting  of  condensed  connective  tissue,  like  the  cen- 
tral tendon  of  the  diaphragm  and  muscular  fascite.  They  have  been 
demonstrated  mainly  by  the  process  of  treating  the  tissues  with  a solu- 
tion of  silver  nitrate,  which  stains  the  solid  portions  of  a dark  color, 
but  leaves  the  capillary  vessels  and  the  serous  canals  uncolored.  These 
interstitial  spaces  or  serous  canaliculi  have  been  regarded  by  some  ob- 
servers (Recklinghausen)  as  directly  continuous  with  the  lymphatic 
capillaries,  and  as  constituting  the  immediate  sources  of  supply  for  the 
lymph ; but  this  connection  is  not  universally  admitted.  The  serous 
canaliculi  are  distinguished  from  the  lymphatic  capillaries  by  their 
much  smaller  size,  and  by  the  fact  that  they  do  not  possess,  like  the 
latter,  a lining  of  epithelial  cells. 

From  their  plexuses  of  origin  the  lymphatic  vessels  pass  inward 
toward  the  great  channels  and  cavities  of  the  body,  uniting  into  larger 
branches  and  trunks,  and  following  generally  the  course  of  the  prin- 
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cipal  bloodvessels  and  nerves.  Those  of  the  lower  extremities  enter 
the  cavity  of  the  abdomen,  and  join  with  the  lymphatics  of  the  abdo- 
minal organs  to  form  the  commencement  of  the  thoracic  duct,  which 
ascends  through  the  cavity  of  the  chest,  receiving  branches  from  the 
thoracic  organs  to  the  root  of  the  neck,  where  it  i3  joined  by  lymphatics 
from  the  left  side  of  the  head  and  the  left  upper  extremity,  and  ter- 
minates in  the  left  subclavian  vein,  at  the  point  of  its  junction  with  the 
left  internal  jugular.  The  lymphatics  coming  from  the  right  side  of 
the  head  and  neck,  the  right  upper  extremity,  and  a portion  of  the 
thoracic  organs,  form  a trunk  of  smaller  size,  the  right  lymphatic  duct, 
which  terminates  in  the  right  subclavian  vein  at  its  junction  with  the 
right  internal  jugular.  Thus  the  lymph,  collected  from  the  vascular 
tissues  of  the  entire  body,  is  mingled  with  the  venous  blood  a short 
distance  before  its  arrival  at  the  right  side  of  the  heart. 

The  Great  Serous  Cavities  of  the  Body  are  Lymphatic  Lacunae. — 
It  is  well  known  that  in  the  amphibious  reptiles  there  are  irregularly- 
shaped  spaces  or  lacunae,  forming  a part  of  the  lymphatic  system  and 
interposed  between  adjacent  organs  in  various  parts  of  the  bod 3'.  In 
the  mammalia  the  peritoneal  and  pleural  cavities,  and  probably  all  the 
principal  serous  sacs,  are  also  in  direct  communication  with  the  tym- 
phatic  vessels.  This  was  first  shown  by  Recklinghausen1  for  the  peri- 
toneal cavity  of  the  rabbit,  which  communicates  by  microscopic  orifices 
with  the  lymphatic  vessels  in  the  central  tendon  of  the  diaphragm. 
These  communications  were  demonstrated  in  two  ways : First,  on  in- 

jecting into  the  peritoneal  cavity  of  the  animal  milk,  or  a watery  fluid 
holding  in  suspension  minute  granules  of  coloring  matter,  the  lymphatic 
vessels  of  the  central  tendon  of  the  diaphragm  were  afterward  found  to 
be  filled  with  the  white  or  colored  injection.  Secondly,  the  central  tendon 
of  the  diaphragm  being  carefully  removed  from  the  recently  killed  animal, 
and  a drop  of  milk  placed  upon  its  peritoneal  surface,  the  milk  globules 
could  be  directly  observed  under  the  microscope,  running  in  converging 
currents  to  certain  points  on  the  surface  of  the  tendon  and  there  pene- 
trating into  its  lymphatic  vessels.  The  cavity  of  the  pleura  has  also 
been  found  by  similar  means  to  communicate  with  the  ljunpliatic  vessels 
in  its  neighborhood.  The  serous  cavities  accordingly  are  either  exten- 
sive lacunas,  forming  in  some  regions  the  origin  of  the  tymphatic  vessels, 
or  else  they  are  wide  but  shallow  expansions  of  the  cavity  of  the  lym- 
phatics, situated  at  various  points  in  their  course. 

The  Lymphatic  Glands. — During  the  passage  of  the  lymphatic  vessels 
from  the  periphery  toward  the  centre,  they  are  repeatedly  interrupted  b}T 
ovoid,  glandular-like  bodies,  of  a pale  reddish  color  and  somewhat  firm 
consistenc}r,  varying  in  size  from  about  two  to  twenty  millimetres  in 
their  long  diameter.  They  do  not  exist  in  fish  and  reptiles,  but  are 
always  present  in  birds  and  mammalia.  As  a rule,  several  lymphatic 
vessels  reach  these  bodies,  coming  in  a direction  from  the  periphery ; and 


1 Strieker’s  Manual  of  Histology,  Buck’s  Kditiou.  New  York,  1872,  p.  221. 
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several  others  leave  them  at  another  portion  of  their  surface,  passing 
onward  toward  the  centre  of  the  circulation.  The  former  are  called  the 
“ afferent,”  the  latter  the  “ efferent”  lymphatic  vessels.  Owing  to  the 
general  glandular-like  aspect  which  they  present  to  the  eye,  these  bodies 
are  known  as  lymphatic  “ glands,”  although  they  possess  no  proper  ex- 
cretory duct,  and  whatever  new  materials  are  formed  in  their  interior 
must  be  carried  away  either  by  the  veins  or  by  the  efferent  lymphatic 
vessels. 

The  lymphatic  glands  are  situated  upon  the  course  of  the  lymphatic 
vessels  on  the  inside  of  the  limbs  at  the  flexures  of  the  joints,  in  the 
axilla  and  the  groin,  in  the  thoracic  and  abdominal  cavities,  along  the 
sides  of  the  spinal  column,  in  the  mesentery,  and  in  the  sides  and  ante- 
rior part  of  the  neck. 


Fig.  126. 


Lymphatic  Vessels  and  Glands  op  the  Head,  Neck,  and  Thorax. — 1. 
Thoracic  duct,  at  the  point  of  its  emergence  from  the  chest.  2.  The  same  duct,  at  its  junction 
with  the  left  subclavian  vein.  (Mascagni.) 


As  regards  the  structure  of  the  lymphatic  glands  they  consist,  First, 
of  an  external  fibrous  envelope,  which  sends  from  its  internal  surface 
prolongations  in  the  form  of  septa  and  branching  bands  into  the  deeper 
parts  of  the  gland,  so  that  the  interior  of  the  organ  is  divided  into  a 
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multitude  of  smaller  spaces  by  the  inosculations  of  this  fibrous  frame- 
work. The  bands  constituting  this  framework  are  called  the  “ trabeculae.” 
Secondly,  in  the  interstices  between  the  trabeculae  there  is  situated  the 
pulpy  substance  of  the  gland.  In  the  more  external  or  cortical  part  of 
the  gland,  the  interspaces  have  a rounded  or  sac-like  form,  which  gives 
to  this  portion  of  the  organ  a granular  aspect,  while  this  appearance  is 
wanting  in  the  deeper  or  medullary  portion ; but  in  both  situations  the 
glandular  pulp  has  essentially  the  same  microscopic  texture.  Ihirdlj, 
the  bloodvessels  of  the  gland  penetrate  it  from  the  outside,  usually  at  a 
depressed  spot  called  the  “hilum,”  and,  after  reaching  the  interior,  break 
up  into  a rich  plexus  of  capillaries.  These  bloodvessels  and  their  capil- 
lary plexus  follow  distinct  routes  in  the  gland,  in  the  middle  of  the 
spaces  between  the  trabeculae.  The  capillary  bloodvessels  are  sur- 
rounded and  held  in  position  by  very  fine  branching  fibres  attached  to 
their  external  surface;  and  in  the  meshes  of  these  fibres,  as  well  as 
between  the  bloodvessels,  there  are  imbedded  a great  number  of  rounded, 
granular,  nucleated  cells,  about  9 mmm.  in  diameter,  similar  to  the  white 
globules  of  the  blood  and  of  the  lymph,  and  which  in  this  situation 
are  known  as  “ lymph  globules.”  The  presence  of  these  granular  cells, 
fixed  between  and  immediately  around  the  capillary  bloodvessels,  gives 
to  the  parts  occupied  by  them  a well-marked  opaque  appearance  by 
transmitted  light ; and  there  are  thus  formed,  in  a thm  section  of  the 
gland,  elongated,  opaque  tracts  or  cords,  separated  by  intervening  trans- 
parent spaces,  and  communicating  with  each  other  at  frequent  interva  s. 


Fig.  127. 


Thin  Section  of  a Ltmpbatio  Gland 
fkom  THE  Ox.— a.  Medullary  cords,  b.  Lymph 
paths,  c.  Trabeoulm.  (KOlliker.) 


Fig.  128. 


Longitudinal  Section  through 
;he  hilum  of  a mesenteric  gland  from 
the  ox,  showing  the  commencement  of 
he  efferent  lymphatic  vessels  injected 
’rom  a puncture  of  the  glandular  sub- 
itance. — a.  Plexus  of  efferent  vessels, 
h Lymph  paths,  e.  Medullary  cords, 
i.  Trabeculae.  (KOlllker.) 


These  opaque  and  vascular  tracts  are  called  the  medullary  cords  of  the 
lymphatic  gland.  They  are  the  only  vascular  parts  of  the  organ;  as 
the  capillary  bloodvessels  never  pass  beyond  them  into  the  intervening 
transparent  spaces.  The  transparent  spaces,  situated  between  the 
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medullary  cords  and  immediately  surrounding  the  trabeculae,  constitute 
the  lymph-paths , or  the  channels  by  which  the  lymph  traverses  the  glan- 
dular substance  from  the  afferent  to  the  efferent  vessels.  The  afferent 
lymphatic  vessels,  according  to  the  united  testimony  of  more  recent 
observers,  after  ramifying  upon  the  outer  surface  of  the  gland,  penetrate 
its  fibrous  envelope  and  become  continuous  with  the  transparent  por- 
tions of  the  glandular  substance.  This  has  been  shown  by  injections  ot 
the  lymphatic  gland  from  the  afferent  vessels ; and  Kolliker  has  also 
demonstrated  a similar  connection  of  the  same  channels  with  the  efferent 
vessels,  by  injecting  these  vessels  from  the  substance  of  the  gland. 

The  lymph-paths  present  a transparent  appearance  in  thin  sections  of 
the  gland  for  the  reason  that  the  granular  lymph-cells  which  they  con- 
tain are  easily  detached  and  removed  by  manipulation,  while  those  of 
the  medullary  cords  are  more  firmly  fixed  iu  the  fibrous  mesh-work  and 
do  not  readily  yield  to  a displacing  force.  It  has  been  found  by  Kollikei 
that  a watery  or  serous  fluid,  injected  through  the  substance  of  the  gland 
under  very  moderate  pressure,  will  also  displace  these  cells  and  leave 
the  spaces  which  they  occupied  nearly  clear.  For  these  reasons  it  is 
regarded  as  certain  that  the  lighter  spaces  in  the  lymphatic  glands  are, 
as  their  name  indicates,  the  channels  by  which  the  lymph  passes  lrorn 
the  afferent  to  the  efferent  vessels,  and  that  the  lymph-cells  are  detached 
by  this  current  from  the  place  of  their  growth  and  canied  onwaicl 
through  the  rest  of  the  lymphatic  system. 

Transudation  and  Absorption  by  the  Animal  Tissues. 

During  the  passage  of  the  blood  through  the  capillary  bloodvessels 
a variety  of  actions  take  place  by  which  some  of  its  ingredients  are 
given  up  to  the  tissues  by  transudation  and  are  at  the  same  time  replaced 
by  others  derived  by  absorption  from  the  adjacent  parts.  The  lym- 
phatic system  of  vessels,  furthermore,  is  entirely  filled  by  the  absoiption 
of  materials  taken  up  from  the  surrounding  tissues ; and  the  composi- 
tion of  the  fluid  which  they  contain  depends  upon  the  property,  belong-  * 
ing  to  animal  membranes,  of  transmitting  or  absorbing  certain  fluid 
substances  in  a peculiar  way.  This  property  is  exhibited  experiment- 
ally in  the  following  manner. 

If  a fresh  animal  membrane  be  firmly  attached  over  the  mouth  of  a 
cylindrical  glass  tube,  filled  with  pure  water  and  immersed  in  solutions 
of  various  substances,  in  such  a manner  that  the  membrane  forms  a 
continuous  diaphragm,  having  the  water  on  one  side  and  the  solution 
on  the  other,  it  is  found  that  different  substances  penetrate  the  mem- 
brane and  pass  through  it  to  the  water  with  very  different  degrees 
of  rapidity.  As  a general  ride  cryslallizable  substances,  such  as 
mineral  salts,  glucose,  urea,  pass  with  facility ; while  the  non-crystal- 
lizable  organic  matters,  such  as  albumen,  starch,  gum,  pass  with  com- 
parative difficulty  There  are  certain  exceptions,  however,  to  this  rule. 
Thus  albumen,  under  ordinary  circumstances,  transudes  slowly  or  not 
at  all  through  animal  membranes;  while  albuminose,  which  is  also  non- 
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crystallizable,  passes  very  rapidly  and  abundantly.  The  distinction, 
furthermore,  between  the  two  classes  of  substances  is  not  a complete 
one,  since  they  may  nearly  all  be  made  to  transude  in  some  degree  bjr 
increasing  the  pressure  of  the  column  of  lluid  upon  the  corresponding 
side  of  the  membrane ; but  the  difference  between  them  is  often  very 
great  in  this  respect.  According  to  the  observations  of  Liebig,1  the 
requisite  pressure  for  different  liquids,  in  passing  through  the  same 
membrane  in  a given  time,  is  as  follows  : 


Comparative  Pressure  Kequired  to  Cause  Transudation  through 


Ox-bladder. 

Kind  of  liquid. 

Height  of  the  mercurial  column. 

Water 

324  millimetres. 

Solution  of  salt 

514 

Oil  . 

920  “ 

Alcohol 

1298 

Owing  to  their  varying  degree  of  transmissibity  through  membranes 
this  property  has  even  been  employed  for  the  purpose  of  separating 
different  substances  from  each  other,  when  mingled  together  in  the 
liquid  form.  This  process  is  termed  Dialysis.  Thus,  if  a solution 
containing  both  gum  and  sugar  be  placed  in  contact  with  one  side  of 
the  membranous  diaphragm,  with  pure  water  on  the  other,  the  sugar 
alone  will  pass  through,  while  the  gum  will  be  left  behind.  If  a mix- 
ture of  albumen  and  sodium  chloride  be  placed  under  the  same  con- 
ditions, the  salt  will  transude  in  a pure  form  leaving  the  albumen 
by  itself;  both  substances  in  this  way  being  purified  from  each  other 
through  the  action  of  the  membrane.  By  the  same  process  it  has  been 
found  possible  to  extricate  poisonous  crystallizable  matters,  such  as 
strychnine  or  arsenious  acid,  from  their  admixture  with  albuminous 
substances  in  a state  of  sufficient  purity  to  allow  of  their  detection  by 
chemical  tests.  The  tissues  of  an  animal  membrane,  accordingly,  may 
in  this  way  exercise  a kind  ot  elective  affinity  for  various  substances, 
and  produce  a special  composition  in  fluids  which  have  transuded 
through  them. 

j Endosmosis  and  Exosmosis. — Beside  the  elimination  of  chemical 
ingredients  above  described,  the  phenomena  of  transudation  often  give 
rise  to  a change  in  volume  of  the  fluid  on  either  side  of  the  membranous 
septum.  When  an  animal  membrane  is  interposed  between  two  different 
liquids  which  are  imbibed  and  transmitted  by  it  with  different  degrees 
of  facility,  that  which  passes  most  readily  will  accumulate  in  larger 
quantity  on  the  opposite  side  of  the  membrane. 

If  we  take,  for  example,  a solution  of  salt  and  an  equal  volume  of 
distilled  water,  and  inclose  them  in  a glass  tube  with  a fresh  animal 
membrane  stretched  between,  the  two  liquids  being  in  contact  with 
opposite  sides  of  the  membrane,  after  a time  they  will  have  become 


1 Cited  in  Longet,  Traitfi  de  Physiologie.  Paris,  1861,  tome  i.  p.  384. 
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mingled,  to  a certain  extent,  with  each  other.  A part  of  the  salt  will 
have  passed  into  the  distilled  water,  giving  it  a saline  taste ; and  a part 
of  the  water  will  have  passed  into  the  saline  solution,  making  it  more 
dilute  than  before.  If  the  quantities  of  the  two  liquids,  which  have 
become  so  transferred,  be  measured,  it  will  be  found  that  a comparatively 
large  quantity  of  water  has  passed  into  the  saline  solution,  and  a com- 
paratively small  quantity  of  the  saline  solution  has  passed  out  into  the 
water.  That  is,  the  water  passes  inward  to  the  salt  more  rapidly  than 
the  salt  passes  outward  to  the  water.  The  consequence  is,  that  the 
saline  solution  is  increased  in  volume,  while  the  water  is  diminished. 
The  n\ore  abundant  passage  of  the  water,  through  the  membrane  to  the 
salt,  is  called  endosviosis  ; and  the  more  scanty  passage  of  the  salt  out- 
ward to  the  water  is  called  exosmosis. 

The  mode  usually  adopted  for  measuring  the  rapidity  of  endosmosis 
is  to  take  a glass  vessel,  shaped  somewhat  like  an  inverted  funnel,  wide 
at  the  bottom  and  narrow  at  the  top.  The  bottom  of  the  vessel  is 
closed  by  a thin  animal  membrane,  stretched  tightly  over  its  edge  and 
secured  by  a ligature.  From  the  top  of  the  vessel  there  rises  a narrow 
glass  tube,  open  at  its  upper  extremity.  When  the  instrument  is  thus 
prepared,  it  is  filled  with  a saline  or  saccharine  solution  and  placed  in  a 
vessel  of  distilled  water ; so  that  the  membrane,  stretched  across  its 
mouth,  shall  be  in  contact  with  pure  water  on  one  side  and  with  the 
interior  solution  on  the  other.  The  water  then  passes  in  through  the 
membrane,  by  endosmosis,  faster  than  the  ingredients  of  the  solution 
pass  out.  An  accumulation  consequently  takes  place  inside  the  vessel, 
and  the  level  of  the  fluid  rises  in  the  upright  tube.  The  height  to  which 
the  fluid  thus  rises  in  a given  time  is  a measure  of  the  intensity  of  the 
endosmosis,  and  of  its  excess  over  exosmosis.  By  varying  the  consti- 
tution of  the  two  liquids,  and  the  arrangement  of  the  membrane,  the 
variations  in  endosmotie  action  under  different  conditions  may  be 
readily  ascertained.  Such  an  instrument  is  called  an  endosmometer. 

Physical  Conditions  influencing  Endosmosis. — The  conditions  which 
regulate  the  intensity  and  extent  of  endosmosis  have  been  investigated 
by  Dutrochet,  Graham,  Yierordt,  Matteucci,  and  Cima.  The  first  of 
these  conditions  is  the  freshness  of  the  animal  membrane.  A mem- 
brane that  has  been  dried  and  moistened  again,  or  one  that  has  begun 
to  putrefy,  will  not  produce  its  full  effect.  It  is  also  found  that  if  the 
membrane  be  allowed  to  remain  and  macerate  in  the  fluids,  after  the 
column  ha3  risen  to  a certain  height  in  the  upright  tube,  it  begins  to 
descend  again  when  putrefaction  commences,  and  the  two  liquids  finally 
sink  to  the  same  level. 

The  next  condition  is  the  extent  of  contact  between  the  membrane 
and  the  two  liquids.  The  greater  the  extent  of  contact,  the  more  rapid 
is  endosmosis.  An  endosmometer  with  a wide  mouth  will  produce 
more  effect  than  with  a narrow  one,  though  the  volume  of  liquid  may 
be  the  same  in  both  instances.  The  action  takes  place  in  the  substance 
of  the  membrane,  and  is  proportional  to  its  extent  of  surface. 
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The  nature  of  the  membrane  employed,  and  even  its  position  in  re- 
gard to  the  two  liquids , also  influence  the  result.  Different  serous  and 
mucous  membranes  act  with  different  degrees  of  force.  The  effect  pro- 
duced is  not  the  same  with  the  integument  of  different  animals,  nor  with 
membranous  tissues  taken  from  different  parts  of  the  body  of  the  same 
animal.  This  depends  upon  the  fact  that  the  power  of  absorption  for 
a given  liquid  is  different  in  different  tissues.  Chevreuil  investigated 
this  point  by  taking  definite  quantities  of  certain  animal  substances,  and 
immersing  them  in  various  liquids  for  twenty-four  hours,  at  the  end  of 
which  time  the  substance  was  removed  and  weighed.  Its  increase  in 
weight  showed  the  quantity  of  liquid  which  it  had  absorbed.  The  fol- 
lowing table1 2  shows  the  result  of  these  experiments : 


Comparative  Power  op  Absorption  in  different  Tissues. 


100  Parts  of 
Cartilage, 

Tendon, 

Elastic  ligament, 
Cornea, 

Cartilaginous  ligament, 
Dried  fibrine, 


Water. 

Saline  Solution. 

Oil. 

" 231  parts. 

125  parts. 

178 

U 

114  “ 

8.6  parts. 

absorb  in 

148 

tl 

30  “ 

7.2  “ 

24  hours, 

461 

It 

370  “ 

9.1  “ 

319 

tl 

3.2  “ 

301 

It 

151  “ 

The  influence  of  the  position  of  the  membrane  depends  upon  a similar 
difference  in  the  absorbing  power  of  its  two  surfaces.  With  some 
fluids,  endosmosis  is  more  rapid  when  the  membrane  has  its  mucous 
surface  in  contact  with  the  dense  solution,  and  its  dissected  surface  in 
contact  with  the  water.  With  other  substances,  the  more  favorable 
position  is  the  reverse.  Matteucci  found  that,  in  using  the  mucous 
membrane  of  the  ox-bladder,  with  water  and  a solution  of  sugar,  if  the 
mucous  surface  of  the  membrane  were  in  contact  with  the  saccharine 
solution,  the  liquid  rose  in  the  endosmometer  between  80  and  113  milli- 
metres in  two  hours.  But  if  the  same  surface  were  turned  toward 
the  water,  the  rise  of  the  column  of  fluid  was  only  63  or  12  millimetres 
in  the  same  time. 

Another  important  circumstance  is  the  constitution  of  the  two  liquids 
and  their  relation  to  each  other.  As  a general  thing,  if  the  liquids 
employed  be  water  and  a saline  solution,  endosmosis  is  more  active,  the 
more  concentrated  is  the  solution  in  the  endosmometer ; that  is,  a larger 
quantity  of  water  will  pass  inward  toward  a dense  solution  than  toward 
one  which  is  dilute.  But  the  force  of  endosmosis  varies  with  different 
liquids,  though  they  may  be  of  the  same  density.  Dutrocliet  measured 
the  force  with  which  water  passes  through  the  mucous  membrane  of  the 
ox-bladder,  into' different  solutions  of  the  same  density,  with  the  follow- 
ing result  :a 


1 In  Longet,  Trait6  de  Pliysiologie.  Paris,  1861,  tome  i.  p.  383. 

2 In  Matteucci,  On  the  Physical  Phenomena  of  Living  Beings.  Pereira’s 
translation.  Philadelphia,  1848,  p.  48. 
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Comparative  Intensity  op  Endosmosis  op  Water  toward  different  liquids,  as 

MEASURED  BY  THE  RISE  OP  THE  COLUMN  IN  THE  EnDOSMOMETER. 


Endosmosis  of  water  toward 

Divisions  of  the  Endosmometer  tube. 

Solution  of  gelatine  . 

3 

U 

gum 

5 

u 

sugar 

. 11 

u 

albumen  . 

. 12 

The  primary  cause  of  this  variation  in  the  phenomena  of  endosmosis 
is  the  different  absorptive  power  possessed  by  an  animal  membrane  or 
tissue  for  different  liquids.  This  is  partly  shown  by  the  experiments 
of  Chevreuil,  in  which  oily  matters  were  usually  absorbed  less  readily 
than  either  water  or  saline  solutions.  Nearly  all  animal  membranes 
also  absorb  water  more  rapidly  than  a solution  of  salt.  If  a membrane, 
partly  dried,  be  placed  in  a saturated  solution  of  sodium  chloride,  it 
will  absorb  the  water  in  so  much  larger  proportion  than  the  salt  that  a 
part  of  the  salt  will  be  left  behind  and  deposited  in  a crystalline  form 
on  the  surface  of  the  membrane. 

When  an  animal  membrane,  accordingly,  is  placed  in  contact  with 
two  different  liquids,  it  absorbs  one  of  them  more  abundantly  than 
the  other ; and  if  that  which  is  absorbed  in  the  greatest  quantity  is  also 
readily  diffused  into  the  liquid  on  the  opposite  side,  a rapid  endosmosis 
will  take  place  in  that  direction,  and  a slow  exosmosis  in  the  other. 
Consequent!}',  the  least  absorbable  fluid  increases  in  volume  by  the  con- 
stant admixture  of  that  which  is  taken  up  more  rapidly.  There  are 
even  some  cases  in  which  endosmosis  takes  place  without  being  accom- 
panied by  exosmosis.  This  occurs  when  water  and  albumen  are  em- 
ployed as  the  two  liquids.  For  while  water  readily  passes  inward 
through  the  animal  membrane,  the  albumen  does  not  pass  out.  If  an 
opening  be  made  in  the  large  end  of  a fowl’s  egg,  so  as  to  expose  the 
shell-membrane,  and  the  whole  be  then  immersed  in  a goblet  of  water, 
endosmosis  will  take  place  freely  from  the  water  to  the  albumen,  so  as 
to  distend  the  shell-membrane  and  make  it  protrude,  like  a hernia,  from 
the  opening  in  the  shell.  But  the  albumen  does  not  pass  outward 
through  the  membrane,  and  the  water  in  the  goblet  remains  pure. 
After  a time  the  pressure  from  within,  due  to  the  accumulation  of  fluid, 
becomes  so  great  as  to  burst  the  sliell-membrane,  after  which  the  two 
fluids  mix  uniformly  with  each  other. 

But  a substance  like  albumen,  which  will  not  pass  out  by  exosmosis 
toward  pure  water,  may  traverse  a membrane  which  is  in  contact  with 
a solution  of  salt.  This  has  been  shown  to  be  the  case  with  the  shell- 
membrane  of  the  fowl’s  egg,  which,  if  immersed  in  a watery  solution 
containing  from  3 to  4 per  cent,  of  sodium  chloride,  will  allow  the  escape 
of  a small  proportion  of  albumen.  Furthermore,  if  a mixed  solution  of 
albumen  and  salt  be  placed  in  a dialysing  apparatus,  the  salt  alone  will 
at  first  pass  outward  leaving  the  albumen ; but  after  the  exterior  liquid 
has  become  perceptibly  saline,  the  albumen  also  begins  to  pass  in  appre- 
ciable quantity. 
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For  the  same  membrane  and  different  solutions  of  tbe  same  substance, 
the  direction  and  intensity  of  transudation  depend  upon  the  strength  of 
the  solutions.  With  endosmometers  containing  solutions  of  sugar  or 
salt,  and  immersed  in  pure  water,  as  shown  by  Dutrochet,  the  stronger 
the  solution  the  more  rapid  is  the  endosmosis  from  without ; and  if  two 
solutions  of  salt  be  employed,  with  a membranous  septum  between  them, 
endosmosis  takes  place  from  the  weaker  solution  to  the  stronger,  and  is 
proportional  to  the  difference  in  their  densities.  Density,  however,  is 
not  always  the  condition  which  determines  the  direction  of  the  current. 
For  although  with  saline  or  saccharine  solutions  the  direction  of  endos- 
mosis is  from  the  lighter  to  the  denser  liquid,  with  alcohol  and  water  it 
takes  place  from  the  water  to  the  alcohol ; that  is,  from  the  denser  to  the 
lighter  liquid.  It  is  evident  from  these  facts  that  the  process  of  endos- 
mosis does  not  depend  principally  upon  the  attraction  of  the  two  liquids 
for  each  other,  but  upon  the  attraction  of  the  animal  membrane  for  the 
two  liquids.  The  membrane  is  not  a passive  filter  through  which  the 
liquids  mingle,  but  is  the  active  agent  which  determines  their  transu- 
dation. The  membrane  has  the  power  of  absorbing  liquids,  and  of 
taking  them  up  into  its  own  substance.  This  property,  belonging  to 
the  membrane,  depends  upon  the  organic  ingredients  of  which  it  is  com- 
posed ; and,  with  different  animal  substances,  the  rate  of  absorption  is 
different.  The  tissue  of  cartilage,  for  example,  as  shown  by  the  experi- 
ments of  Chevreuil,  will  absorb  more  water,  weight  for  weight,  than  that 
of  the  tendons;  and  the  tissue  of  the  cornea  will  absorb  nearly  twice  as 
much  as  that  of  cartilage. 

The  continuance  of  endosmosis  is  much  favored  by  renewal  of  the 
two  liquids.  Since  the  accumulation  of  fluid  on  one  side  of  the  mem- 
brane depends  on  the  difference  in  composition  of  the  liquids  employed 
and  the  consequent  difference  in  their  rate  of  absorption,  when  endos- 
mosis has  been  for  some  time  going  on,  and  the  two  liquids  have 
approximated  each  other  in  composition,  the  activity  of  endosmosis 
will  be  diminished  in  proportion.  As  the  salt  or  sugar  passes  out- 
ward to  the  water  and  the  water  inward  to  the  solution  in  the  endos- 
mometer,  the  external  liquid  acquires  a saline  or  saccharine  ingredient, 
and  the  interior  solution  becomes  more  dilute ; and  when  the  two  liquids 
have  thus  arrived  at  the  same  or  nearly  the  same  composition,  endos- 
mosis must  cease.  But  if  the  exterior  liquid  be  constantly  replaced  by 
a current  of  pure  water,  and  the  interior  solution  maintained  at  its 
original  strength  by  the  addition  of  new  ingredients,  the  process  of 
transudation  will  go  on  with  undiminished  activity  until  the  membrane 
has  lost  its  absorbent  power.  The  effect  of  a constantly  renewed  cur- 
rent in  aiding  endosmosis  may  be  readily  shown  by  filling  the  cleansed 
intestine  of  a rabbit  with  water  from  a reservoir  and  then  placing  it  in 
a shallow  glass  vessel  containing  a dilute  solution  of  hydrochloric  acid. 
If  the  water  be  allowed  to  flow  through  the  intestine  under  pressure 
from  the  reservoir,  that  which  is  discharged  from  its  open  extremity 
will  in  a few  seconds  show  the  presence  of  hydrochloric  acid  by  its 
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reaction  with  litmus.  The  acid  in  this  case  passes  through  the  wall  of 
the  intestine  against  the  pressure  of  the  current,  which  is  of  course 
directed  from  within  outward. 

Endosmosis  is  also  regulated,  to  a great  degree,  by  temperature. 
As  a rule  it  is  more  active  when  the  temperature  is  moderately 
elevated.  Dutrochet  found  that  an  endosmometer,  containing  a solu- 
tion of  gum,  absorbed  only  one  volume  of  water  at  a temperature  ol 
0°,  but  absorbed  three  volumes  at  about  34°.  Variations  of  tempera- 
ture will  sometimes  even  change  the  direction  of  the  endosmosis  alto- 
gether, particularly  with  dilute  solutions  of  hydrochloric  acid.  In  the 
experiments  of  Dutrochet,  when  the  endosmometer  was  filled  with  dilute 
hydrochloric  acid  and  placed  in  distilled  water  at  the  temperature  of 
10°,  endosmosis  took  place  from  the  acid  to  the  water,  if  the  density  of 
the  acid  solution  were  less  than  1.020  ; but  from  the  water  to  the  acid, 
if  its  density  were  greater  than  this.  On  the  other  hand,  at  the  tem- 
perature of  22°,  the  current  was  from  within  outward  when  the  density 
of  the  said  solution  was  below  1.003,  and  from  without  inward  when  it 
was  above  that  point. 

Absorption  and  Transudation  in  the  Tissues  of  the  Living  Body. — 
In  the  experiments  above  detailed,  performed  with  membranes  and  tis- 
sues taken  from  the  dead  body,  by  which  the  phenomena  of  endosmosis 
and  exosmosis  were  first  studied,  the  phenomena  represent  imperfectly 
those  which  take  place  in  the  living  organism.  The  property,  belong- 
ing to  an  animal  membrane,  of  determining  the  absorption  or  transu- 
dation of  various  liquids,  depends  upon  its  organic  constitution  and  is 
exercised  in  the  greatest  intensity  during  life.  In  the  living  body,  all 
the  conditions  requisite  for  the  acts  of  endosmosis  and  exosmosis  are 
present  in  a higher  degree  than  is  possible  in  any  artificial  experiment. 
The  membranes  and  tissues  are  all  perfectly  fresh,  and  unaltered  by 
either  desiccation  or  putrescence;  the  extent  of  absorbing  surface  is 
indefinitely  multiplied  by  the  repeated  ramification  of  the  capillary 
bloodvessels  or  the  glandular  tubes;  the  internal  temperature  of  the 
body  is  maintained  at  a point  most  favorable  for  the  activity  of  endos- 
mosis ; and  finally  the  continuous  movement  of  the  blood  and  the  lymph, 
in  theii  respective  vessels,  supplies  the  ingredients  for  a constant  renewal 
ol  the  process  and  at  the  same  time  removes  the  accumulation  of  the 
transuded  material. 

In  the  living  body,  accordingly,  the  transudation  of  fluids  is  accom- 
plished with  great  rapidity.  It  has  been  shown  by  Gosselin,  that  if  a 
watery  solution  of  potassium  iodide  be  dropped  upon  the  cornea  of  a 
living  rabbit,  the  iodine  passes  into  the  cornea,  aqueous  humor,  iris, 
lens,  sclerotic  and  vitreous  body,  in  the  course  of  eleven  minutes  ; and 
that  it  will  penetrate  through  the  cornea  into  the  aqueous  humor  in 
three  minutes,  and  into  the  substance  of  the  cornea  in  a minute  and  a 
half.  In  these  experiments  it  is  evident  that  the  iodine  actually  passes 
into  the  deeper  portions  of  the  eye  by  simple  endosmosis,  and  is  not 
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transported  by  the  bloodvessels ; since  no  trace  of  it  is  to  be  found  in 
the  tissues  of  the  opposite  eye,  examined  at  the  same  time. 

The  same  observer  has  shown  that  the  active  principle  of  belladonna 
penetrates  the  tissues  of  the  eyeball  in  a similar  manner.  He  applied  a 
solution  of  atropine  sulphate  to  both  eyes  of  two  rabbits.  Half  an  hour 
afterward,  the  pupils  were  dilated.  Three-quarters  of  an  hour  later,  the 
aqueous  humor  was  collected  by  puncturing  the  cornea  with  a trocar ; 
and  this  fluid,  dropped  upon  the  eye  of  a cat,  produced  dilatation  and 
immobility  of  the  pupil  in  half  an  hour.  These  facts  show  that  the 
aqueous  humor  of  the  affected  eye  actually  contains  atropine,  which  it 
absorbs  from  without  through  the  cornea,  and  which  thus  acts  directly 
upon  the  muscular  fibres  of  the  iris. 

But  in  all  vascular  organs,  the  processes  of  endosmosis  and  exosmosis 
are  still  further  accelerated  by  two  important  conditions,  namely,  first, 
the  movement  of  the  blood  circulating  in  the  vessels,  and  secondly,  the 
minute  dissemination  and  distribution  of  these  vessels  through  the 
tissues. 

If  a solution  of  the  extract  of  nux  vomica  be  injected  into  the  subcu- 
taneous connective  tissue  of  the  hind  leg  of  two  rabbits,  in  one  of  which 
the  bloodvessels  of  the  limb  have  been  left  free,  while  in  the  other  they 
have  been  previously  tied,  so  as  to  stop  the  circulation  of  blood  in  the 
part,  in  the  first  rabbit  the  poison  will  be  absorbed  and  will  produce 
convulsions  and  death  in  the  course  of  a few  minutes  ; but  in  the  second 
animal,  owing  to  the  stoppage  of  the  local  circulation,  absorption  will 
be  retarded,  and  the  poison  will  find  its  way  into  the  general  circulation 
so  slowly,  that  its  specific  effects  will  show  themselves  only  at  a late 
period,  or  even  may  not  be  produced  at  all. 

The  processes  of  exosmosis  and  endosmosis,  therefore,  in  the  living 
body,  are  regulated  by  the  same  or  similar  conditions  as  qi  artificial 
experiments ; but  they  take  place  with  greater  rapidity,  owing  to  the 
movement  of  the  circulating  blood,  and  the  extent  of  contact  existiug 
between  the  bloodvessels  and  adjacent  tissues.  Although  the  arterial 
blood  is  everywhere  the  same  in  composition,  yet  its  different  ingredients 
are  imbibed  in  varying  quantities  by  the  different  tissues.  And  the 
proportion  of  each  ingredient  is  determined,  in  each  separate  tissue,  by 
its  special  absorbing  or  endosmotic  power. 

Albumen,  under  ordinary  conditions,  is  not  endosmotic ; that  is,  it 
will  not  pass  by  transudation  through  an  animal  membrane.  For  this 
reason,  the  albumen  of  the  blood,  in  the  natural  state  of  the  ciiculation, 
is  not  exuded  from  the  secreting  surfaces,  but  is  retained  within  the 
vascular  system.  But  the  degree  of  pressure  to  which  a fluid  is  sub- 
jected has  an  influence  in  determining  its  endosmotic  action.  If  the 
pressure  upon  the  blood  in  the  capillary  vessels  be  increased,  by  ob- 
struction to  the  venous  current  and  backward  congestion  of  the  capil- 
laries, then  not  only  the  saline  and  watery  parts  of  the  blood  pass  out 
in  larger  quantities,  but  the  albumen  itself  may  transude  and  infiltrate 
the  neighboring  parts.  In  this  way  albumen  may  make  its  appearance 
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in  the  urine,  in  consequence  of  obstruction  to  the  renal  circulation;  and 
local  oedema  or  general  anasarca  may  follow  upon  venous  congestion  in 
particular  regions,  or  up  on 'general  disturbance  ot  the  circulation. 

The  Lymph  and  Chyle. 

The  lymph  is  the  fluid  which,  having  been  absorbed  from  the  various 
tissues  and  organs  of  the  body,  is  carried  through  the  system  of  lym- 
phatic vessels  towards  the  centre  of  the  circulation  and  is  finally  dis- 
charged, by  the  thoracic  and  right  lymphatic  ducts,  into  the  great  veins 
near  the  heart.  As  the  chyle  is  simply  the  fluid  of  the  mesenteric  lym- 
phatics, which  assumes  an  opaque  white  color  during  digestion  owing 
to  the  absorption  of  fat,  it  is  properly  studied  at  the  same  time  with 
the  lymph  in  general.  The  lymph  has  been  obtained,  for  the  purpose 
of  examination,  from  the  living  animal,  by  introducing  a silver  canula  of 
proper  size  into  the  thoracic  duct  at  the  root  of  the  neck,  or  into  large 
lymphatic  trunks  in  other  parts  of  the  body.  It  was  obtained  by  Rees 
from  the  lacteals  of  the  mesentery  and  from  the  lymphatics  of  the  leg 
in  the  ass,  by  Colin  from  the  lacteals  and  thoracic  duct  of  the  ox,  and 
from  the  lymphatics  of  the  neck  in  the  horse.  We  have  obtained  it 
from  the  thoracic  duct  both  of  the  dog  and  the  goat. 

Physical  Characters  and  Composition  of  the  Lymph. — The  lymph, 
thus  obtained  from  the  thoracic  duct  in  the  intervals  of  digestion,  is  an 
opalescent  or  nearly  transparent,  alkaline  fluid,  usually  of  a light  amber 
color,  and  having  a specific  gravity  of  1022.  Its  analysis  shows  a close 
resemblance  in  composition  with  the  plasma  of  the  blood.  It  contains 
water,  fibrine,  albumen,  fatty  matters,  and  the  usual  saline  substances 
of  the  animal  fluids.  It  is,  however,  decidedly  poorer  in  albuminous 
ingredients  than  the  blood.  The  following  is  an  analysis  by  Lassaigne,1 
of  the  fluid  obtained  from  the  thoracic  duct  of  the  cow: 

Composition  of  the  Lymph. 


Water 964.0 

Fibrine 0.9 

Albumen 28.0 

Fat 0.4 

Sodium  chloride 5.0 

Sodium  carbonate  I 

Sodium  phosphate  >- 1.2 

Sodium  sulphate  ) 

Lime  phosphate 0.5 


1000.0 


Owing  to  the  fibrine  contained  as  an  ingredient  in  the  lymph,  this  fluid 
coagulates,  like  blood,  within  a few  moments  after  its  removal  from  the 
lymphatic  vessels  in  the  living  animal,  forming  a gelatinous  mass  which 

1 In  Colin,  Physiologic  compar6e  des  Auimaux  domestiques.  Paris,  1856, 
tome  ii.  p.  111. 
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is  more  or  less  colorless  and  transparent,  or  whitish  and  opaque,  accord- 
ing to  the  proportion  ol'  fatty  matter  present  in  the  specimen.  After 
coagulation,  it  separates  into  a liquid  serum  and  a solid  clot,  precisely 
as  in  the  case  of  blood. 

It  thus  appears  that  both  fibrine  and  albumen  are  either  formed  in  the 
interior  of  the  lymphatic  system,  or  transude  to  a certain  extent  from 
the  bloodvessels,  even  in  the  ordinary  condition  of  the  circulation.  If 
so,  this  transudation  takes  place  in  so  small  quantity  that  the  albumi- 
nous matters  are  all  taken  up  by  the  lymphatic  vessels,  and  do  not 
appear  in  the  excreted  fluids. 

When  lymph  is  drawn  from  the  thoracic  duct  and  allowed  to  coagu- 
late, the  clot  after  a few  moments  almost  invariably  assumes  a decided 
pink  color,  and  on  microscopic  examination  is  found  to  contain  a very 
few  red  blood-globules.  The  presence  of  these  globules  is  attributed  by 
some  competent  authorities  (Ivolliker,  Robin)  to  the  accidental  rupture 
of  capillary  bloodvessels  and  consequent  introduction  of  their  contents 
into  the  lymphatic  system;  but  their  occurrence  is  so  constant  that  it 
must  be  doubted  whether  they  have  altogether  an  accidental  origin. 
The  pinkish  color  of  the  lymph  under  these  circumstances  is  never  per- 
ceptible when  it  is  first  drawn  from  the  vessels,  but  only  after  it  has 
. been  for  a short  time  exposed  to  the  aii\ 

An  important  peculiarity  in  regard  to  the  fluid  of  the  lymphatic 
system,  especially  in  the  carnivorous  animals,  is  that  it  varies,  both  in 
appearance  and  constitution,  at  different  times.  In  the  ruminating  and 
graminivorous  animals,  as  the  sheep,  ox,  goat,  and  horse,  it  is  either 
opalescent  with  a slight  amber  tinge,  or  nearly  transparent  and  color- 
less. In  the  carnivorous  animals,  as  the  dog  and  cat,  it  is  also  opaline 
and  amber  colored  in  the  intervals  of  digestion,  but  soon  after  feeding 
becomes  of  a dense,  opaque,  milky  white,  and  continues  to  present  that 
appearance  until  digestion  and  absorption  are  complete.  It  then  regains 
its  original  aspect,  and  remains  opaline  until  digestion  is  again  in  pro- 
gress. 

The  results  of  analysis  show  that  this  variation  in  the  appearance  of 
the  fluid  of  the  thoracic  duct  during  digestion,  like  that  of  the  blood,  is 
due  to  the  absorption  of  fatty  matters  from  the  intestine.  Although 
the  chyle  is  richer  than  lymph  in  nearly  all  its  solid  ingredients,  the 
principal  difference  between  the  two  consists  in  the  proportion  of  fat, 
which  is  nearly  absent  from  the  transparent  or  opaline  lymph,  but  very 
abundant  in  the  white  and  opaque  chyle.  This  is  shown  in  the  following 
analysis  by  Dr.  Rees,1  of  lymph  and  chyle  from  the  ass. 

1 In  Colin,  Physiologic  compare  des  Animaux  domestique.  Paris,  1856  tome 
ii.  p.  18. 
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Comparative  Analysis  of  Lymph  and  Chyle. 


Water  . 
Albumen 
Fibrine  .. 
Spirit  extract  . 
Water  extract 
Fat 

Saline  matter  . 


Lymph. 

965.36 

12.00 

1.20 

2.40 

13.19 

traces 

5.85 


Chyle. 

902.37 

35.16 

3.70 

3.32 

12.33 

36.01 

7.11 


1000.00  1000.00 


When  a canula,  accordingly,  is  introduced  into  the  thoracic  duct  at 
various  periods  after  feeding,  the  fluid  discharged  varies  considerably, 
both  in  appearance  and  quantity.  In  the  dog,  the  fluid  of  the  thoracic 
duct  is  never  quite  transparent,  but  l’etains  a marked  opaline  tinge  even 
so  late  as  eighteen  hours  after  feeding  upon  lean  meat,  and  at  least  three 
days  and  a half  after  the  introduction  of  fat  food.  Soon  after  feeding,  it 
becomes  whitish  and  opaque,  and  so  remains  while  digestion  and  absorp- 
tion are  in  progress.  After  the  termination  of  this  process  it  resumes 
its  former  appearance,  becoming  light  colored  and  opalescent  in  the  car- 
nivorous animals,  and  nearly  colorless  and  transparent  in  the  herbivora. 

The  Lymph  Globules. — The  lymph,  whatever  may  be  its  other  ingre- 
dients, contains  nearly  always  a greater  or  less  abundance  of  rounded, 
transparent,  or  finely  granular  nucleated  cells,  similar  to  the  white  glo- 
bules of  the  blood,  which  are  known  as  the  “ lymph-globules.”  They 
vary  in  size  from  about  6 to  12  mmm.  in  diameter.  By  treatment  with 
dilute  acetic  acid  they  become  pale  and  transparent;  while  partial  desic- 
cation, or  the  contact  of  a concentrated  saline  or  saccharine  solution, 
gives  them  a shrivelled  appearance  with  an  irregular  outline.  Accord- 
ing to  the  observations  of  Kolliker,  the  lymph-globules  vary  much,  both 
in  number  and  in  size,  according  to  the  part  of  the  lymphatic  system 
from  which  the  fluid  is  taken.  In  the  smallest  lymphatic  vessels  of  the 
mesentery  capable  of  examination,  they  may  even  be  altogether  absent, 
the  lymph  consisting  of  a perfectly  homogeneous  fluid,  not  holding 
any  anatomical  forms  in  suspension;  and  in  the  lymphatics  where  they 
first  begin  to  show  themselves,  they  are  few  in  number  and  of  less  than 
the  average  size.  After  the  lymph,  however,  has  traversed  one  or  two 
ranges  of  lymphatic  glands,  the  globules  are  larger  and  more  numerous, 
many  of  them  in  the  larger  lymphatic  trunks  attaining  the  size  of  12 
mmm.  in  diameter.  From  this  circumstance,  as  well  as  from  the  micro- 
scopic texture  of  the  glands  themselves,  it  is  concluded  that  the  lymph- 
globules  originate,  in  great  part,  in  the  interior  of  the  lymphatic  glands, 
and  that  they  are  brought  thence  by  the  current  which  traverses  the 
lymph-paths  in  the  substance  of  these  organs. 

Movement  of  the,  Fluids  in  the  Lymphatic  System. — The  movement 
of  the  lymph  in  the  lymphatic  vessels  differs  from  that  of  the  blood,  in 
the  important  particular  that  its  course  is  always  in  one  direction, 
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namely,  from  the  periphery  toward  the  centre.  The  fluids  taken  up  by 
the  lymphatic  capillaries  are  collected  into  the  larger  branches  and 
trunks,  and  by  them  conducted  from  without  inward  toward  the  heart. 

The  physical  cause  of  the  continuous  movement  of  the  lymph  is  pri- 
marily the  force  of  endosmosis  acting  at  the  confines  of  the  lymphatic 
sj'stem.  As  the  volume  of  fluid  accumulates  in  an  endosmometer,  in 
such  a manner  as  to  rise  perceptibly  in  the  upright  tube,  so  the  lymph 
accumulates  by  the  force  of  absorption  in  the  lymphatic  capillaries,  and 
thence  fills  the  larger  vessels  of  the  system.  It  is  evident  that  the 
pressure  of  fluids  in  a particular  direction,  due  to  the  force  of  endos- 
mosis, may  be  very  considerable,  since  it  is  sometimes  sufficient,  as 
already  shown,  to  burst  the  shell-membrane  of  a fowl’s  egg  when  placed 
in  contact  with  water.  As  this  pressure,  in  the  lymphatic  system,  is 
always  directed  from  without  inward,  and  as  the  main  lymphatic  trunks 
finally  terminate  in  the  veins,  the  result  is  a uniform  movement  of  the 
lymph,  from  the  peripheral  parts  of  the  various  organs  and  tissues 
toward  the  centre  of  the  circulation. 

The  movement  of  the  lymph  is  also  aided  by  several  secondary  causes. 
As  these  vessels  are  provided  with  valves,  even  more  abundantly  than 
the  veins,  the  alternate  contraction  and  relaxation  of  the  voluntary 
muscles  in  the  limbs  and  trunk  must  facilitate  considerably  the  passage 
of  their  fluids  in  an  inward  direction.  The  action  of  the  heart  and  arte- 
ries also  contributes  indirectly  to  this  result.  As  the  thoracic  duct 
passes  upward  through  the  chest,  it  crosses  the  median  line  obliquely 
from  right  to  left,  passing  between  the  spinal  column  and  the  aorta ; so 
that  at  each  pulsation  of  the  aorta  it  is  compressed,  and  its  contents 
urged  toward  its  upper  extremity.  This  effect  is  often  very  visible  when 
a canula  is  inserted,  in  the  living  animal,  into  the  thoracic  duct  at  the 
root  of  the  neck.  Under  these  circumstances  we  have  frequently  seen 
the  lymph  projected  from  the  extremity  of  the  canula  in  a distinct  jet 
at  each  cardiac  pulsation,  owing  to  the  momentary  pressure  from  the 
distended  aorta. 

Lastly,  the  thoracic  movements  of  respiration  take  part  in  maintain- 
ing the  flow  of  lymph.  At  each  inspiration  the  resistance  in  the  inte- 
rior of  the  chest  is  diminished,  and  the  lymph  passes  more  readily  from 
below  into  the  thoracic  duct;  at  each  expiration  the  duct  is  subjected 
to  compression,  and  is  thus  emptied  of  its  fluids  in  a direction  toward 
its  junction  with  the  veins.  The  influence  of  the  respiratory  move- 
ments, in  a reversed  form,  maj'  often  be  seen  in  animals  poisoned  by 
woorara,  where  artificial  respiration  is  kept  up  through  the  trachea. 
If,  in  such  an  animal,  a canula  be  inserted  into  the  thoracic  duct  at  the 
root  of  the  neck,  the  flow  of  lymph  from  its  open  extremity  is  percep- 
tibly increased  at  each  forcible  insufflation  of  the  lung,  since  this  pro- 
duces more  or  less  pressure  upon  the  thoracic  duct  in  the  cavity  of  the 
chest. 

Of  these  different  physical  causes  of  the  lymph-current,  the  first  alone, 
namely,  the  endosmotic  action,  is  entirely  uniform  and  continuous.  The 
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others  are  all  intermittent  in  their  action,  and  depend  for  their  effi- 
ciency upon  the  existence  of  valves  in  the  lymphatic  vessels.  In  a 
set  of  vessels  provided  with  such  valves,  opening  forward  and  shutting 
backward,  any  force  which  alternately  compresses  and  releases  them 
will  necessarily  cause  the  fluids  which  they  contain  to  move  in  a definite 
direction.  The  mechanical  forces  above  enumerated  are  more  or  less 
constantly  active,  and  in  point  of  fact  exercise  a considerable  influence 
in  producing  an  incessant  transportation  of  the  lymph  from  the  peri- 
phery to  the  centre. 

Total  Daily  Quantity  of  the  Lymph  and  Chyle. — The  quantity  of 
fluids  discharged  from  the  thoracic  duct  within  a given  time  varies 
according  to  the  condition  of  abstinence  or  digestion.  In  the  fasting 
condition  it  is  comparatively  moderate,  but  becomes  more  abundant 
soon  after  the  commencement  of  digestion,  to  diminish  again  dining 
the  later  stages  of  the  process.  We  have  found,  at  various  periods  after 
feeding,  in  the  dog,  the  following  quantities  discharged  per  hour,  for 
every  thousand  parts  of  the  bodily  weight  of  the  animal: 


Hourly  Quantities  of  Lymph  and  Chyle  in  the  Dog, 

PER  THOUSAND  PARTS  OF  BODILY  WEIGHT. 


3^.  hours  after  feeding 


7 

13 

18 

181  “ 


It  it 

a a 

it  a 

ti  a 


2.45 

2.20 

0.99 

1.15 

1.99 


It  would  thus  appear  that  the  hourly  quantity  of  these  fluids,  after  di- 
minishing during  the  latter  stages  of  digestion,  increases  again  somewhat 
about  the  eighteenth  hour,  though  still  considerably  less  abundant  than 
while  digestion  is  in  active  progress.  It  is  probable  that  this  increase 
at  the  two  periods  indicated  is  owing  to  two  different  causes.  The  fluid 
obtained  in  greatest  abundance  in  the  dog,  in  from  3 to  7 hours  after 
feeding,  is  quite  white  and  opaque,  and  its  increase  in  quantity  is  evi- 
dently due  to  the  admixture  of  chyle  absorbed  from  the  intestine.  That 
obtained  so  late  as  the  eighteenth  hour  is  simply  opaline,  or  more  nearly 
transparent,  and  is  composed  of  lymph  alone.  The  absorption  of  chyle, 
therefore,  takes  place,  of  course,  while  digestion  is  in  progress;  but  the 
most  abundant  production  of  lymph  occurs  some  hours  later,  after  the 
materials  of  nutrition  have  reached  and  permeated  the  tissues  themselves. 

The  entire  daily  quantity  of  lymph  and  chyle  is  found,  by  direct 
observation,  to  be  much  larger  than  would  be  anticipated.  In  two 
experiments  upon  the  horse,  extending  over  a period  of  twelve  hours 
each,  Colin1  obtained  from  the  thoracic  duct  in  this  animal,  on  the 
average,  893  grammes  of  fluid  per  hour,  which  would  amount  to  rather 
more  than  20  kilogrammes  per  day.  In  the  ruminating  animals,  accord- 
ing to  the  same  observer,  the  quantity  is  still  greater.  In  an  ordinary 


1 Physiologic  compare  des  Animaux  domestiques.  Paris,  1856,  tome  ii.  p.  106. 
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sized  cow,  the  smallest  quantity  obtained,  in  an  experiment  extending 
over  a period  of  twelve  hours,  was  625  grammes  in  lifteen  minutes ; that 
is,  2500  grammes  per  hour,  or  GO  kilogrammes  per  day.  In  another 
experiment  with  a young  bull  weighing  185  kilogrammes,  he  actually 
withdrew  from  the  thoracic  duct  in  the  course  of  twenty-four  hours,  15 
kilogrammes  of  lymph  and  chyle,  representing  a little  more  than  8 per 
cent,  of  the  entire  bodily  weight  of  the  animal. 

We  have  obtained  similar  results  from  experiments  upon  the  dog  and 
goat.  In  a young  kid  weighing  6.30  kilogrammes,  we  have  obtained 
from  the  thoracic  duct  122.5  grammes  of  lymph  in  three  hours  and  a 
half.  This  quantity  represents  35  grammes  per  hour,  and,  if  continued 
throughout  the  day,  would  amount  to  640  grammes,  or  fully  10  per 
cent,  of  the  entire  bodily  weight.  In  the  dog  the  fluids  discharged  from 
the  thoracic  duct  are  less  abundant.  The  average  of  all  the  results 
obtained  by  us,  in  this  animal,  at  different  periods  after  feeding,  gives 
very  nearly  four  and  a half  per  cent,  of  the  bodily  weight,  as  the  total 
daily  quantity  of  lymph  and  chyle.  This  is  substantially  the  same 
result  as  that  obtained  by  Colin  in  the  horse ; and  for  a man  weigh- 
ing 65  kilogrammes,  it  would  be  equivalent  to  about  3000  grammes 
of  lymph  and  chyle  per  day.  But  this  quantity  represents  both  the 
products  of  lymphatic  transudation  and  those  of  intestinal  absorption 
taken  together.  An  estimate  of  the  total  amount  of  the  lymph  alone 
must  be  based  upon  the  quantity  of  fluids  passing  through  the  thoracic 
duct  in  the  intervals  of  digestion,  when  no  chyle  is  being  taken  up  from 
the  alimentary  canal.  In  the  dog,  as  shown  by  the  experiments  quoted 
above,  the  average  quantity  obtained,  from  the  thirteenth  to  the  eigh- 
teenth or  nineteenth  hour  after  feeding,  when  intestinal  absorption  had 
come  to  an  end,  was  about  1.30  per  thousand  parts  of  the  bodily  weight ; 
or,  for  the  whole  twenty-four  hours,  a little  over  3 per  cent,  of  the  bodily 
weight.  For  a man  of  medium  size,  this  would  give  not  far  from  2000 
grammes  as  the  average  daily  quantity  of  lymph  alone. 

Internal  Renovation  of  the  Animal  Fluids. — By  the  combined  actions 
of  secretion,  transudation,  and  reabsorption,  a continual  interchange  or 
renovation  of  the  animal  fluids  takes  place  in  the  living  body,  which  is 
dependent  for  its  materials  upon  the  circulation  of  the  blood,  and  which 
may  be  considered  as  a kind  of  secondary  circulation  through  the  sub- 
stance of  the  tissues.  For  all  the  digestive  fluids,  as  well  as  the  bile 
discharged  into  the  intestine,  are  reabsorbed  in  the  natural  process  of 
digestion  and  again  enter  the  current  of  the  circulation.  These  fluids, 
therefore,  pass  and  repass  through  the  mucous  membrane  of  the  alimen- 
tary canal  and  adjacent  glands,  becoming  more  or  less  altered  in  con- 
stitution at  each  passage,  but  still  serving  to  renovate  alternately  the 
constitution  of  the  blood  and  the  ingredients  of  the  digestive  secretions. 
The  elements  of  the  blood  itself  also  transude  in  part  from  the  capillary 
vessels,  and  are  again  taken  up  from  the  tissues  by  the  lymphatics, 
to  be  finally  restored  to  the  venous  blood,  in  the  immediate  neighbor- 
hood of  the  heart. 
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The  daily  quantity  of  all  the  iluids  thus  transuded  and  reabsorbed 
will  serve  to  indicate  the  activity  of  endosmosis  and  exosmosis  in  the 
livin'*  body.  In  the  following  table,  the  quantities  are  all  estimated, 
from  preceding  data,  for  a man  of  medium  size. 


Total  Quantity  or  Fluids  Transuded  and  Reabsorbed 

DURING  TWENTY-FOUR  HOURS. 


Saliva 

1300  grammes 

Gastric  juice 

3000 

Pancreatic  juice 

800 

Bile 

1000 

Lymph  

2000 

8100 

Not  less  than  8000  grammes  therefore  of  the  animal  fluids,  a quan- 
tity equal  to  that  of  the  entire  blood  and  amounting  to  more  than  12 
per  cent,  of  the  weight  of  the  w'hole  body,  transude  through  the  internal 
membranes  and  are  restored  to  the  blood  by  reabsorption,  in  the  course 
of  a single  day.  It  is  by  this  process  that  the  natural  constitution  of 
the  parts,  though  constantly  changing,  is  still  maintained  in  its  normal 
condition,  through  the  movement  of  the  circulating  fluids  and  the 
renovation  of  their  materials. 
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THE  URINE. 

The  urine  is  distinguished  from  all  the  other  animal  fluids  by  the  fact 
that  it  represents  only  the  products  of  the  waste  or  physiological  disinte- 
gration of  the  body.  The  living  body,  while  in  the  active  performance 
of  its  functions,  is  the  seat  of  various  manifestations  of  force,  such  as 
animal  heat,  sensibility,  and  motion,  which  are  the  indications  of  its 
vitality.  These  manifestations  of  force,  in  the  living  organism,  as  well  as 
elsewhere,  are  only  produced  at  the  expense  of  its  materials,  and  by  their 
change  of  state  or  metamorphosis  in  the  internal  process  of  nutrition. 
It  is  accordingly  an  essential  condition  of  the  existence  and  activity  of 
the  animal  body  that  it  should  go  through  with  an  incessant  transfor- 
mation and  renewal  of  its  component  parts.  Every  living  being  absorbs 
more  or  less  constantly  certain  nutritive  materials  from  without,  which 
are  modified  by  assimilation  and  converted  into  the  natural  ingredients 
of  its  tissues.  At  the  same  time  with  this  continuous  process  of  growth 
and  supply,  there  goes  on  an  equally  continuous  change,  by  which  the 
elements  of  the  organized  frame  pass  over  into  new  forms  of  combi- 
nation, destined  to  be  expelled  from  the  body  as  the  products  of  its 
disintegration. 

Certain  substances,  therefore,  are  constantly  making  their  appearance 
in  the  animal  tissues  and  fluids,  which  were  not  introduced  with  the  food, 
but  which  have  been  produced  in  their  interior  by  the  process  of  con- 
tinued metamorphosis.  These  substances  result  from  the  new  combina- 
tions taking  place  in  the  organized  frame.  They  are  the  forms  under 
which  those  materials  present  themselves  which  have  once  made  part 
of  the  animal  tissues,  but  which  have  become  altered  by  the  incessant 
changes  characteristic  of  living  beings,  and  which  are  consequently  no 
longer  capable  of  exhibiting  vital  properties,  or  of  aiding  in  the  per- 
formance of  the  vital  functions.  The  process  of  the  elimination  and 
removal  of  these  materials  is  called  excretion , and  the  materials  them- 
selves are  known  as  the  excrementitious  substances. 

These  substances  have  peculiar  characters  by  which  they  are  distin- 
guished from  other  ingredients  of  the  living  bodj7.  They  are  crystal- 
lizable  and  for  the  most  part  soluble  in  water,  at  least  in  the  form  under 
which  they  appear  in  the  excreted  fluids.  They  are  formed  in  the  blood 
or  in  the  substance  of  the  tissues  from  which  they  are  absorbed  by 
the  blood,  and  are  conveyed  by  the  circulating  fluid  to  the  excretory 
organs  through  which  they  are  discharged.  I f their  elimination  from  the 
body  be  in  any  way  arrested  or  impeded,  their  accumulation  in  the 
system  produces  a disturbance  of  the  vital  functions,  which  is  more  or 
( 314  ) 
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less  severe  according  to  their  special  character  and  the  rapidity  of  their 
production.  This  poisonous  influence  is  especially  manifested  in  its 
action  upon  the  nervous  system,  causing  an  abnormal  irritability,  de- 
rangement of  the  special  senses,  delirium,  insensibility,  coma,  and  death. 
These  effects  are  more  particularly  marked  in  the  case  of  urea  after 
suppression  of  the  urine ; a complete  stoppage  of  the  elimination  of  this 
substance  in  the  human  subject  usually  producing  a fatal  result  in  three 
or  four  dajrs. 

The  excrementitious  matters,  however,  are  not  to  be  considered  as 
poisonous,  or  even  deleterious,  in  the  quantities  in  which  they  normally 
occur  in  the  animal  solids  and  fluids.  On  the  contrary,  they  are  the 
natural  products  of  the  functional  activity  of  the  animal  system,  and 
are,  therefore,  as  essential  to  the  continued  manifestation  of  life  as  the 
nutritious  materials  supplied  by  the  food.  It  is  only  when  the  regular 
course  of  their  elimination  is  retarded  that  they  interfere  with  the  due 
performance  of  the  functions,  by  deranging  the  natural  constitution  of 
the  tissues. 

A variety  of  excrementitious  substances  are  produced  in  the  body, 
some  of  which  are  probably  eliminated,  in  small  proportion,  with  the 
perspiration  or  with  the  feces.  The  carbonic  acid,  exhaled  in  large 
quantity  from  the  lungs,  is  to  be  regarded  as  belonging  to  this  class, 
since  it  is  produced  in  the  substance  of  the  tissues  and  constantly 
discharged  by  respiration.  But  the  most  important  substances, 
usually  included  under  the  head  of  excrementitious  matters,  are  distin- 
guished by  the  fact  that  they  contain  nitrogen  as  one  of  their  ultimate 
elements,  and  that  they  otherwise  exhibit  a remarkable  analogy  with 
each  other  in  their  chemical  composition.  They  accordingly  form  a 
natural  group  of  organic  substances,  resembling  each  other  in  their 
origin,  their  constitution,  and  their  physiological  destination.  They  are 
furthermore  associated  together  by  the  circumstance  that  they  are  all 
eliminated  from  the  body  by  the  urine,  of  which  they  form  the  essential 
and  characteristic  ingredients. 

The  urine  is  therefore  the  only  animal  fluid  which  is  solely  an  excre- 
tion. It  is  a solution  of  the  nitrogenous  excrementitious  matters  of  the 
animal  frame;  and  by  its  abundance  and  composition  it  indicates  the 
activity  of  the  healthy  metamorphosis  of  the  organic  tissues  and  fluids. 
Beside  its  nitrogenous  ingredients,  it  contains  also  most  of  the  mineral 
salts  which  are  discharged  from  the  body  ; and  by  the  water  which  holds 
these  solid  matters  in  solution  it  forms  the  channel  for  a large  propor- 
tion of  the  fluids  passing  daily  through  the  system.  Furthermore,  acci- 
dental or  abnormal  ingredients,  introduced  into  the  blood,  almost 
invariably  And  their  way  out  of  the  system  by  the  kidneys,  and  thus 
appear  as  temporary  ingredients  of  the  urine.  The  constitution  and 
physiological  variations  of  this  fluid  during  health,  and  its  alteration 
in  disease,  are  regulated  by  the  corresponding  changes  of  nutrition  or 
activity  in  the  body  at  large.  The  urine  is  therefore  one  of  the  most 
essential  products  of  the  animal  system,  and  its  formation  is  second 
in  importance  only  to  the  function  of  respiration. 


876 


THE  URINE. 


Physical  Properties  of  the  Urine. 

The  urine  is  a clear,  amber-colored  tluid,  of  a watery  consistency,  and 
with  a distinctly  acid  reaction.  As  a general  rule,  its  transparency  is  so 
nearly  perfect  that  no  appearance  of  turbidity  is  perceptible  by  ordinary 
diffused  ’ daylight.  It  contains,  however,  a very  small  quantity  of 
mucus  from  the  urinary  bladder,  which  may  be  rendered  visible  as  a 
faint  opalescence  when  a sunbeam  is  made  to  pass  through  it  in  a lateral 
direction.  If  the  urine  be  allowed  to  remain  at  rest  for  a few  hours  in 
a cylindrical  glass  vessel,  the  mucus  gradually  subsides,  forming  a very 
light  cloudy  mass  at  the  bottom  and  leaving  the  supernatant  fluid  en- 
tirely clear.  The  ingredients  of  the  urine  itself  are  all  therefore  in  a 
state  of  complete  solution.  While  still  warm  and  fresh,  the  urine  has  a 
peculiar  but  not  offensive  odor,  which  disappears  on  cooling  and  may 
be  then  restored  by  gentle  heating.  The  average  specific  gravity  ot 
healthy  urine,  in  the  adult,  is  from  1020  to  1025  ; and  its  daily  quantity 
is  about  1200  cubic  centimetres. 

Variations  of  the  Urine  in  Quantity , Acidity , and  Specific  Gravity. 
— The  urine  does  not  present  uniformly  the  same  characters,  but  varies 
normally  from  hour  to  hour,  in  each  individual,  at  different  periods  of 
the  day.  It  is  usually  discharged  from  the  bladder  five  or  six  times  in 
the  twenty-four  hours,  and  each  specimen  shows  more  or  less  variation 
in  its  physical  properties.  This  variation  depends  upon  the  changing 
conditions  of  the  body,  as  to  rest,  exercise,  food,  drink,  sleeping,  and 
waking.  In  the  same  person,  leading  a uniform  mode  of  life  from  day 
to  day,  the  diurnal  variations  of  the  urine  follow  each  other  with  great 
regularity;  although  in  different  persons,  whose  habits  are  different,  they 
may  not  be  altogether  the  same.  Asa  general  rule,  the  urine  which 
collects  in  the  bladder  during  the  night  and  is  first  discharged  in  the 
morning  is  strongly  colored,  of  high  specific  gravity,  and  has  a very 
distinct  acid  reaction.  That  passed  during  the  forenoon,  on  the  other 
hand,  is  pale  and  of  comparatively  low  specific  gravity ; often  falling 
so  low  as  1018  or  even  1015.  At  the  same  time,  its  acidity  diminishes 
or  even  disappears  altogether  ; so  that  at  this  time  in  the  day  the  mine 
is  frequently  neutral  or  slightly  alkaline.  Toward  noon,  its  density  and 
depth  of  color  increase,  and  its  acidity  returns.  All  these  properties 
become  more  strongly  marked  during  the  afternoon  and  evening,  and 
toward  night  the  urine  is  again  deeply  colored  and  strongly  acid,  and 
has  a specific  gravity  of  1028  or  1030. 

The  following  instances  will  serve  to  show  the  general  characters  of 

this  variation : 


Observation  First.  March  2§th. 


Urine  of 

ll 


ll 

It 


1st  discharge,  acid, 

2d  “ alkaline, 
3d  “ neutral, 

4th  “ acid, 

5th  “ acid, 


Bp.  gr.  1025. 
“ 1015. 

“ 1018. 
“ 1018. 
“ 1027 
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Observation  Second.  March  21sL 


Urine  of  1st  discharge,  acid, 

“ 2d  “ neutral, 

“ 3d  “ neutral, 

4th  “ acid, 

“ 5th  acid, 


sp.  gr.  1029. 
“ 1022. 
“ 1025. 

“ 1027. 

“ 1030. 


These  variations  do  not  always  follow  a perfectly  regular  course,  since 
they  are  liable  to  temporary  modification  from  accidental  causes  during 
the  day;  but  their  general  tendency  corresponds  with  that  given  above. 

The  acidity  of  the  urine  is  also  liable  to  vary  from  temporary  causes, 
owing  to  the  introduction  of  organic  substances  with  the  food  which 
give  rise  to  alkalescence  in  the  animal  fluids.  The  salts  of  the  organic 
acids,  such  as  the  lactates , acetates , malates , and  tartrates , when  taken 
into  the  stomach  and  absorbed  by  the  circulation,  are  replaced  by 
carbonates  of  the  same  bases,  and  appear  under  that  form  in  the  urine. 
When  these  salts,  or  the  fruits  and  vegetables  which  contain  them,  are 
taken  in  large  quantity,  the  urine  becomes  alkaline  from  the  presence 
of  the  carbonates.  The  use  of  summer  fruits,  therefore,  though  they 
may  have  an  acidulous  taste,  is  followed  by  alkalescence  of  the  urine. 
The  effect  thus  produced  may  be  manifested  in  a very  short  time; 
according  to  the  observations  of  Lehmann,  the  urine  sometimes  becom- 
ing alkaline  within  a quarter  of  an  hour  after  taking  a little  over  15 
grammes  of  sodium  acetate. 

It  is  evident,  therefore,  that  when  the  specific  gravity  or  the  acidity 
of  the  urine  is  to  be  tested,  either  in  health  or  disease,  it  will  not  be 
sufficient  to  rely  upon  the  examination  of  a single  specimen.  The  nor- 
mal variations  in  specific  gravity  during  the  day  do  not  usually  exceed 
the  limits  of  1015  as  a minimum  and  1030  as  a maximum;  but  either 
of  these  would  be  unnatural  if  continued  during  the  whole  twenty-four 
hours.  All  the  different  specimens  of  urine  passed  during  the  day 
should  therefore  be  collected  and  examined  together.  The  average 
specific  gravity  thus  obtained  will  represent  the  normal  daily  density 
of  the  excretion. 

The  daily  volume  of  the  urine  is  also  to  be  taken  into  account.  The 
total  amount  of  solids  discharged  by  the  urine  in  health  is  from  50  to 
60  grammes  per  day ; and  this  quantity  of  solid  material  is  dissolved  in 
about  1200  cubic  centimetres  of  water.  This  gives  an  average  daily 
quantity  and  an  average  specific  gravity  of  the  urine,  as  the  measure  of 
the  excretory  process  during  twenty-four  hours. 

Both  the  quantity  of  the  urine  and  its  mean  specific  gravity  are 
liable  to  vary  somewhat  in  different  individuals,  or  even  in  the  same 
individual  from  day  to  day.  Ordinarily,  the  water  of  the  urine  is  more 
than  sufficient  to  hold  all  the  solid  matters  in  solution ; and  its  propor- 
tion may  therefore  be  diminished  by  temporary  causes  without  the 
production  of  turbidity  or  the  formation  of  a deposit.  Under  such  cir- 
cumstances, the  urine  merely  becomes  deeper  in  color,  and  of  higher 
25 
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specific  gravity.  If  a smaller  quantity  of  water  than  usual  be  taken 
into  the  system  with  the  drink,  or  if  the  exhalation  lrom  the  lungs  and 
skin,  or  the  intestinal  discharges,  be  increased,  a smaller  quantity  ol 
water  will  necessarily  pass  off  by  the  kidneys  ; and  the  urine  will  be 
diminished  in  quantity,  while  its  specific  gravity  is  increased,  the 
urine  is  sometimes  reduced  in  this  way  to  500  or  GOO  cubic  centimetres 
per  day,  its  specific  gravity  rising  at  the  same  time  to  1030.  On  the 
other  hand,  if  the  fluid  ingesta  be  unusually  abundant,  or  if  the  per- 
spiration be  diminished,  the  surplus  quantity  of  water  will  pass  olf  by 
the  kidneys  ; so  that  the  amount  of  urine  in  twenty-four  hours  may  be 
increased  to  1350  or  1400  cubic  centimetres,  and  its  mean  specific 
gravity  reduced  at  the  same  time  to  1020  or  even  1017.  Under  such 
conditions,  the  total  amount  of  solid  matter  discharged  remains  about 
the  same.  These  changes  depend  simply  upon  the  fluctuating  quantity 
of  water,  which  may  pass  off  by  the  kidneys  in  larger  or  smaller  quan- 
tity, according  to  circumstances.  In  purely  normal  or  physiological 
variations  of  this  nature,  the  entire  quantity  of  the  urine  and  its  mean 
specific  gravity  vary  always  in  an  inverse  direction  with  regard  to  each 
other ; the  former  increasing  while  the  latter  diminishes,  and  vice  versa. 
If,  however,  it  be  found  that  both  the  quantity  and  specific  gravity  of 
the  urine  are  increased  or  diminished  at  the  same  time,  or  if  either  one 
be  increased  or  diminished  while  the  other  remains  stationary,  such  an 
alteration  will  show  an  actual  change  in  the  total  amount  of  solid  ingre- 
dients, and  consequently  an  unnatural  and  pathological  condition. 

Ingredients  of  the  Urine. 

The  chemical  composition  of  the  urine,  as  derived  from  the  most 
recent  and  numerous  analyses,  is  as  follows: 


Composition  op  the  Urine. 
W ater  .... 


950.00 


Sodium  bipliosphate  . 

Sodium  and  potassium  phosphates 
Mineral  salts.  - Lime  and  magnesium  phosphates 


Nitrogenous 

organic 

substances. 


Sodium  and  potassium  urates  . 

[ Sodium  and  potassium  hippurates 


Sodium  and  potassium  chlorides 
Sodium  and  potassium  sulphates 
Mucus  and  coloring  matter 


26.20 

0.87 

1.45 

0.70 

0.40 

3.35 

0.83 

12.55 

3.30 

0.35 


1000.00 


twenty-four  hours. 


INGREDIENTS  OF  THE  URINE. 


379 


Urea. — This  is  the  most  important  constituent  of  the  urine,  both  in 
regard  to  character  and  amount,  forming  more  than  one-half  the  entire 
quantity  of  its  solid  ingredients,  and  over  80  per  cent,  of  all  those  of  an 
organic  nature.  The  most  important  fact  known  with  regard  to  the 
origin  of  urea  is,  that  it  is  not  formed  in  the  kidneys,  but  pre-exists  in 
the  blood  in  small  proportion,  and  is  drained  away  from  the  circulat- 
ing fluid  during  its  passage  through  the  renal  vessels.  This  was  first 
shown  by  the  experiments  of  Prevost  and  Dumas,1  who,  after  extir- 
pating the  kidneys,  or  tying  the  renal  arteries  in  the  living  animal, 
found  the  quantity  of  urea  in  the  blood  increased  in  marked  proportion, 
owing  to  the  arrest  of  its  elimination  by  the  kidneys.  It  has  also  been 
found  in  the  blood  of  the  human  subject  in  cases  of  renal  disease, 
sometimes  in  so  large  a proportion  as  1.5  parts  per  thousand,'2  or  nearly 
ten  times  its  normal  quantity.  It  has  not  been  found,  however,  in  suf- 
ficient quantity  in  any  of  the  solid  tissues  to  indicate  the  immediate 
source  of  its  production.  It  is  either  formed  in  the  blood  itself,  by 
transformation  of  some  previous  nitrogenous  combination,  or  it  is  ab- 
sorbed b}^  the  blood  too  rapidly  to  be  detected  as  an  ingredient  of  the 
solid  tissues. 

Urea  is  obtained  most  readily  from  the  urine  by  first  converting  it 
into  the  form  of  a nitrate.  For  this  purpose  the  fresh  urine  is  evapo- 
rated over  the  water-bath  until  it  is  reduced  to  one-quarter  of  its  original 
volume.  It  is  then  filtered,  and  the  filtered  fluid  mixed  with  an  equal 
quantity  of  nitric  acid,  which  produces  nitrate  of  urea.  This  salt,  being 
less  soluble  than  urea,  rapidly  sepax-ates  in  the  form  of  abundant  crys- 
talline scales.  The  crystalline  deposit  is  separated  from  the  mother 
liquor,  mixed  with  water,  and  decomposed  by  the  addition  of  barium 
carbonate,  which  sets  free  the  urea,  with  the  formation  of  barium  nitrate. 
This  process  is  continued  so  long  as  carbonic  acid  is  given  off;  after 
which  the  whole  is  evaporated  to  dryxless,  and  the  dry  residue  extracted 
with  absolute  alcohol,  which  dissolves  out  the  urea.  The  alcoholic  solu- 
tion is  then  filtei'ed  and  evapoi'ated  until  the  urea  separates  in  a ci’ys- 
talline  foi'm.3 

The  quantity  of  urea  in  a given  volume  of  urine  is  readily  ascertained 
by  decomposmg  it,  according  to  Davy’s  method,  with  a solxxtioxx  of  so- 
dium hypochlorite.  A long  axxd  narrow  graduated  glass  tube,  open  at 
one  extremity,  and  capable  of  holding  about  50  cubic  centimetres  of 
fluid,  is  filled  to  a little  more  thaix  one-third  its  capacity  with  mercury, 
upon  which  are  poured  3 or  4 cubic  centimetres  of  the  urine  to  be  ex- 

1 Prevost  and  Dumas,  Annales  de  Chinxie  et  de  Physique,  1823,  tome  xxiii. 
p.  90;  Sfegalas,  Journal  de  Physiologie,  tome  ii.  p.  354;  Mitscherlich,  Tiedc- 
mann.  and  Gmclin,  Poggendorf’s  Annalen,  band  xxxi.  p.  303 ; Cl.  Bernard, 
Liquides  de  l’Organisme.  Paris,  1859,  tome  ii.,  Deuxifime  Leqon. 

2 In  Milne  Edwards,  Lecjons  sur  la  Physiologie.  Paris,  1857,  tome  i.  p.  298. 

3 Hoppe-Seyler,  Handbuch  der  Pliysiologisch-  und  Pathologisch-Chemischeu 
Analyse.  Berlin,  1870,  p.  120. 
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amincd.  The  remainder  of  the  tube  is  then  filled  with  the  sodium 
hypochlorite  solution,  the  mouth  ol'  the  tube  closed,  the  fiuids  well 
mixed,  anti  the  tube  then  inverted  in  a shallow  glass  dish  filled  with  a 
saturated  solution  of  sodium  chloride.  The  mixture  of  urine  and  hypo- 
chlorite solution  remains  in  the  tube ; and  as  the  urea  is  decomposed, 
its  nitrogen  is  given  off  in  the  gaseous  form  and  collects  in  the  upper 
closed  end  of  the  tube,  where  its  volume  may  be  read  off  on  the  scale, 
after  the  action  has  ceased.  Every  cubic  centimetre  of  nitrogen,  thus 
disengaged,  represents  2.5  milligrammes  of  urea. 

The  conditions  influencing  the  quantity  of  urea  produced  and  dis- 
charged in  the  healthy  subject  during  twenty-four  hours,  are  the  size 
and  general  development  of  the  body,  the  nature  of  the  food,  and  the 
state  of  rest  or  activity.  Like  other  products  of  the  living  organism, 
its  quantity  is  in  proportion  to  the  entire  mass  of  the  body.  As  a 
general  rule,  its  daily  quantity,  in  man,  is  0.5  per  thousand  parts  of  the 
entire  bodily  weight ; and  for  a man  of  medium  size  it  amounts  to  about 
35  grammes  per  day.  As  it  is  a nitrogenous  substance,  resulting  from 
the  final  consumption  of  the  albuminous  elements  of  the  system,  its 
proportion  is  greater  under  a diet  of  animal  food,  wrhich  is  comparatively 
rich  in  albuminous  matters,  than  under  one  of  vegetable  food,  in  which 
these  substances  are  less  abundant.  Its  daily  quantity  falls  to  a 
minimum  -when  the  diet  is  exclusively  confined  to  non-nitrogenous  arti- 
cles of  food,  namely,  starch,  sugar,  and  fat.  It  is  still,  however,  pro- 
duced and  excreted  under  an  exclusively  non-nitrogenous  diet,  and  ec  en 
when  no  food  whatever  is  taken,  so  long  as  the  animal  fimetions  con- 
tinue to  be  performed. 

The  results  obtained  by  nearly  all  experimenters  led  to  the  conclu- 
sion that  the  quantity  of  urea  excreted  is  especially  increased  by  mus- 
cular exertion , until  a doubt  was  thrown  upon  this  point  by  Fick  and 
Wislicenus  in  1866.  These  observers  ascended  a mountain  on  foot, 
the  ascent  occupying  a little  over  eight  hours ; during  which  time,  and 
for  seventeen  hours  beforehand,  they  confined  themselves  to  a diet  of 
non-nitrogenous  food.  They  found  the  amount  of  urea  discharged  per 
hour  to  be  less,  while  engaged  in  ascending  the  mountain,  than  it  was 
before;  but  it  increased  during  the  following  night,  after  a meal  of 
animal  food. 

Subsequent  observers  have  obtained  various  results.  Dr.  Parkes,  m a 
series  of  very  careful  and  extended  observations,1  found  that  the  dis- 
charge of  urea  was  increased  not  during,  but  after,  a period  ot  muscular 
work.  This  was  shown  even  in  a man  confined  for  five  days  to  a non- 
nitrogenous  diet,  in  whom  the  discharge  of  urea  was  not  increased  on 
the  day  of  unusual  muscular  effort,  but  on  the  following  day  was  a little 
more  than  doubled. 

The  observations  of  Prof.  A.  Flint,  Jr.,  on  the  excretion  of  urea  in 
the  case  of  the  pedestrian  Weston,  have  the  important  advantage  o ex- 

1 Proceedings  of  the  Royal  Society  of  Loudon,  vol.  xvi.  p.  48,  and  March  2, 
1871. 
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tending  over  comparatively  long  periods,  both  of  exercise  and  rest,  the 
diet  at  the  same  time  remaining  unchanged  in  its  general  characters. 

The  pedestrian  was  under  observation  for  fifteen  days ; namely,  five 
days  previous  to  the  walk,  five  days  during  its  continuance,  and  five 
days  immediately  afterward.  For  the  period  preceding  the  walk,  the 
average  exercise  was  about  eight  miles  per  day  ; during  the  walk  it  was 
nearly  sixty-four  miles  per  day,  and  for  the  period  subsequent  to  the 
walk,  it  was  a little  over  two  miles  per  day.  The  results  obtained 
during  the  three  periods  showed,  accordingly,  the  normal  amount  of 
urea  excreted  by  the  pedestrian  under  ordinary  conditions,  the  amount 
discharged  during  an  unusual  and  nearly  continuous  muscular  exertion, 
and  the  subsequent  effects  of  the  exertion  on  the  general  condition  of 
the  system. 

The  nitrogenous  ingredients  of  the  food,  during  all  three  periods, 
were  also  recorded,  so  that  the  influence  of  the  food  itself  on  the  amount 
of  urea  may  be  estimated  at  the  same  time  with  that  of  the  muscular 
exertion. 

The  following  table  gives  the  main  result  of  these  experiments,  so 
far  as  they  are  connected  with  the  present  subject : 


Daily  Quantity  of 

First  Period. 
Five  days 
before  the  walk. 

Second  Period. 

Five  days 
during  the  walk. 

Third  Period. 

Five  days 
after  the  walk. 

Urea 

628.24  grains. 

722.16  grains. 

726.79  grains. 

Nitrogen  in  food 

339.46  “ 

234.76  “ 

440.93  “ 

Nitrogen  in  urea 

293.18  “ 

337.01  “ 

339.17  “ 

Total  nitrogen  in  urea  and  feces 

315.09  “ 

361.52  “ 

373.15  “ 

Nitrogen  in  urea  and  feces  per 
100  parts  of  nitrogen  in  food 

95.53 

174.81 

91.93 

It  is  evident,  therefore,  that  during  the  time  of  unusual  muscular 
exertion  the  daily  quantity  of  urea  was  increased  by  nearly  fifteen  per 
cent,  over  that  of  the  previous  ordinary  condition,  the  nitrogenous  ele- 
ments of  the  food  being  at  the  same  time  considerably  diminished  ; and 
that,  during  the  period  of  exertion,  the  total  quantity  of  nitrogen  dis- 
charged by  the  urea  and  feces  combined  was  nearly  seventy-five  per 
cent,  greater  than  that  introduced  with  the  food,  while  in  both  the  pre- 
vious and  subsequent  periods  it  was  from  about  four  and  a half  to  eight 
per  cent.  less.  During  the  period  of  exertion  there  was  a loss  of  nearly 
three  and  a half  pounds  of  bodily  weight,  and  an  increase  of  similar 
amount  during  the  subsequent  period  of  rest.  The  author  fairly  explains 
the  above  loss  of  weight  by  the  disintegration  of  muscular  tissue;  and 
the  subsequent  increase,  by  a retention  of  nitrogenous  constituents  in 
the  body,  to  repair  the  waste  thus  produced. 

“During  the  five  days  of  the  walk,1  Mr.  Weston  consumed  in  all 
1113.80  grains  of  nitrogen  in  his  food.  During  the  same  period  he 

1 New  York  Medical  Journal,  June,  1871,  p.  669. 
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eliminated  180*7.60  grains  of  nitrogen,  in  the  urine  and  feces.  This 
leaves  633.80  grains  of  nitrogen,  over  and  above  the  nitrogen  of  the  food, 
which  must  be  attributed  to  the  waste  of  his  tissues,  and  probably 
almost  exclusively  to  the  waste  of  his  muscular  tissue.  According  to 
the  best  authorities,  lean  meat  uncooked,  or  muscular  tissue,  contains  3 
per  cent,  of  nitrogen.  The  loss  of  633.80  grains  of  nitrogen  would  then 
represent  a loss  of  21,12*7.00  grains,  or  3.018  lbs.  of  muscular  tissue. 
The  actual  loss  of  weight  was  3.450  lbs.  This  allows  about  0.43  lb.  of 
loss  unaccounted  for,  which  might  be  fat  or  water.” 

Creatinine. — This  substance  is  perhaps  next  in  physiological  import- 
ance to  the  urea,  considering  its  analogy  in  chemical  composition,  but 
is  produced  in  much  smaller  quantity  ; its  total  amount  usually  not  ex- 
ceeding 1 gramme  per  day.  It  has  not  been  found  in  any  of  the  solid 
tissues ; but  it  is  probably  derived  by  transformation  of  the  creatine  of 
the  muscles,  since  it  may  be  artificially  produced  from  the  latter  by  the 
action  of  heat  and  dilute  sulphuric  acid.  It  is  undoubtedly,  like  urea, 
a product  of  the  metamorphosis  of  the  albuminous  ingredients  of  the 
body,  from  which  it  derives  its  nitrogenous  element.  But  little  is  known 
with  regard  to  the  conditions  which  increase  or  diminish  its  production. 

Sodium  and  Potassium  Urates. — The  urates  are  due  to  a combination 
of  the  alkaline  base  with  a nitrogenous  mineral  acid,  belonging  to  the 
same  physiological  class  of  excrementitious  matters  as  urea  and  creati- 
nine. This  substance  is  known  to  be,  like  urea,  increased  in  quantity 
by  a nitrogenous,  and  decreased  by  a non-nitrogenous  diet ; but  its  rela- 
tions to  muscular  exercise  and  other  temporary  conditions  are  not  fully 
known.  The  urates  are  readily  soluble  in  water,  and  are  usually  excreted 
to  the  amount  of  about  l.*75  gramme  per  day.  The  hippurates  have,  in 
general,  similar  chemical  and  physiological  relations  to  those  of  the 
urates,  excepting  that  the}"  are  more  abundant  under  the  use  oi  a vege- 
table diet,  and  disappear  altogether  when  the  food  is  exclusively  of  an 
animal  nature.  In  the  human  subject  under  an  ordinary  mixed  diet, 
they  amount  to  about  one-half  the  quantity  of  the  urates. 

The  preceding  ingredients  of  the  urine  are  all  associated  in  a single 
physiological  group,  forming  its  nitrogenous  excrementitious  substances. 
Beside  them,  it  also  contains  a variety  of  inorganic  or  mineral  constitu- 
ents, derived  from  the  waste  of  the  animal  tissues  and  fluids. 

Acid  Sodium  Phosphate,  or  sodium  biphosphate.— This  is  the  ingre- 
dient which  gives  to  the  urine  its  acid  reaction  to  test-paper.  It  is 
regarded  as  derived  from  the  ordinary  sodium  phosphate  of  the  blood 
(Na.,H  PO  J by  the  action  of  the  uric  acid  produced  in  the  system,  which 
unites  with  a part  of  its  sodium,  forming  sodium  urate,  and  leaving  an 
acid  sodium  phosphate  (Nall.BO,).  The  uric  acid  produced  from  the 
decomposition  of  animal  substances,  although  it  does  not  itself  appear 
in  a free  form,  is,  therefore,  indirectly  the  cause  of  the  acid  reaction  of 
the  urine ; and  this  reaction  will  vary  in  intensity  with  the  amount  of 
uric  acid  discharged. 
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The  Alkaline  Phosphates , or  ordinary  phosphates  of  sodium  and 
potassium.— These  are  the  soluble  phosphates,  which  exist  in  the  blood 
as  well  as  in  the  urine,  and  which,  in  solution,  have  a mild  alkaline  re- 
action. Owing  to  their  ready  solubility,  they  never  appear  as  a piecipi- 
tate,  nor  disturb  in  any  way  the  transparency  of  the  urine.  It  is  under 
the  form  of  these  salts  that  most  of  the  phosphoric  acid  in  combination 
is  discharged  with  the  urine.  According  to  Yogel,  the  excretion  of 
phosphoric  acid  by  this  channel  is  increased  by  the  use  of  food  contain- 
ing soluble  phosphates  or  substances  capable  of  yielding  phosphoric 
acid  by  the  changes  which  they  undergo  in  the  system.  It  is  accord- 
ingly more  abundant  under  a diet  of  animal  food,  less  so  under  a vege- 
table regimen.  Its  discharge,  however,  does  not  depend  exclusively 
upon  the  ingredients  of  the  dailyr  food,  since  it  continues,  although  in 
diminished  quantity,  after  long-continued  abstinence  from  all  food.  Its 
immediate  origin  is,  therefore,  wholly  or  partly  from  the  constituents 
of  the  body  itself.  The  observations  of  Wood,1  as  well  as  those  of 
Yogel  and  others,  show  also  that  there  is  a diurnal  variation  of  con- 
siderable regularity  in  the  normal  excretion  of  the  salts  of  phosphoric 
acid.  Its  hourly  quantity  is  at  a minimum  during  the  forenoon,  in- 
creases in  the  latter  part  of  the  day  after  the  principal  meal,  and  reaches 
a maximum  in  the  evening  or  during  the  night,  to  diminish  again  on  the 
morning  of  the  following  day.  It  is  under  the  form  of  phosphates  that 
the  phosphorus  contained  in  certain  organic  substances  (lecithine)  is 
finally  discharged  from  the  system.  The  average  quantity  of  the  alka- 
line phosphates  discharged  during  health  under  an  ordinary  diet  is  a little 
over  four  grammes  per  day. 

The  Earthy  Phosphates , or  the  phosphates  of  lime  and  magnesium.— 
The  earthy  phosphates  are  usually  present  in  the  urine  in  much  smaller 
quantity  than  the  preceding.  They  are  held  in  solution  only  by  the  acid 
reaction  of  the  urine,  and  when  this  is  absent  or  very  much  diminished 
they  are  thrown  down  as  a light  precipitate,  consequently,  the  neutral 
or  faintly  alkaline  urine  passed  in  the  forenoon  is  often  slightly  turbid 
with  a deposit  of  the  earthy  phosphates,  without,  however,  indicating 
any  abnormal  increase  in  their  amount.  According  to  the  extensive 
and  careful  observations  of  Wood,  the  alkaline  and  earthy  phosphates 
differ  from  each  other  in  the  conditions  which  influence  their  excretion. 
While  the  alkaline  phosphates  of  the  urine  are  increased  in  amount 
during  continued  mental  application,  the  earthy  phosphates  are  dimin- 
ished, and  the  total  quantity  of  both  kinds  is  not  materially  altered. 
The  earthy  phosphates,  on  the  other  hand,  are  increased  by  abstinence 
from  mental  labor.  Their  average  daily  quantity  under  ordinary  condi- 
tions is  about  one  gramme,  or  rather  less  than  one-quarter  that  of  the 
earthy  phosphates. 

1 On  the  Influence  of  Mental  Activity  on  the  Excretion  of  Phosphoric  Acid  by 
the  Kidneys.  Proceedings  of  the  Connecticut  Medical  Society,  1809. 
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Sodium  and  Potassium  Chlorides. — The  sodium  chloride,  which  repre- 
sents nearly  the  whole  of  these  two  salts,  is  also  by  far  the  most  abundant 
mineral  ingredient  in  the  urine,  forming  over  one-half  of  its  inorganic 
constituents.  It  is  derived  in  great  measure  from  the  sodium  chlo- 
ride taken  with  the  food,  and  is  increased  or  diminished  in  quantity 
with  the  variation  in  the  amount  of  common  salt  in  the  diet.  Various 
circumstances,  however,  influence  its  excretion  at  different  periods  of  the 
day.  Its  hourly  discharge  is  habitually  least  during  the  night,  increases 
in  the  forenoon  and  is  greatest  during  the  latter  part  of  the  day.  Ac- 
cording to  Vogel,1  both  mental  and  bodily  exertion  perceptibly  increase 
its  excretion;  and  even  water,  when  taken  in  unusual  abundance,  by  in- 
creasing the  activity  of  the  kidneys,  causes  also  a temporary  augmen- 
tation in  the  discharge  of  sodium  chloride,  which  is  subsequently  followed 
by  a corresponding  diminution.  The  average  amount  of  the  chlorides 
discharged  with  the  urine  is  about  fifteen  grammes  per  day. 

Sodium  and  Potassium  Sulphates. — The  sulphates  present  in  the 
urine  are  derived  partly  from  those  which  have  been  introduced,  under 
their  own  form,  as  ingredients  of  the  food  ; and  observation  has  shown 
that  their  quantity  is  increased  by  the  medicinal  administration  of  sul- 
phuric acid  or  of  sodium  sulphate.  The  administration  of  sulphur  or 
the  sulphurets  produces  a similar  effect.  The  albuminous  matters  ot 
the  system,  furthermore,  which  contain  sulphur  as  one  of  their  con- 
stituent elements,  give  rise,  by  their  changes  in  the  oxidizing  process  of 
nutrition  and  excretion,  to  sulphuric  acid  and  the  sulphates ; since  the 
whole  of  their  carbon,  hydrogen,  and  nitrogen  is  finally  discharged 
under  the  form  of  water,  carbonic  acid,  and  urea,  while  the  small 
quantity  of  sulphur  remaining  appears  as  sulphuric  acid  in  the  sul- 
phates. Consequently  the  excretion  of  sulphates,  as  shown  by  A ogel, 
is  increased  by  an  abundant  diet  of  animal  food,  and  diminished  under 
a vegetable  regimen.  The  sulphates  are  freely  soluble  and  never  appear 
as  a spontaneous  precipitate  in  the  urine.  Their  average  quantity  is 
about  3.96  grammes  per  day. 

Reactions  of  the  Urine  to  Chemical  Tests. 

The  reactions  of  the  urine  to  a variety  of  ordinary  tests  form  a ready 
criterion  for  ascertaining  its  normal  or  abnormal  constitution.  The 
more  exact  quantitative  determination  of  its  ingredients  requires  the 
attention  and  skill  of  the  professional  chemist ; but  many  of  its  im- 
portant characters  may  be  recognized  by  the  use  of  simple  means. 

The  Application  of  Heat. — If  transparent  healthy  urine,  of  a dis- 
tinctly acid  reaction,  be  heated  in  a test-tube  over  a spirit  lamp  to  the 
boiling  point,  no  change  in  its  appearance  is  produced.  If  its  acidity 
be  very  slightly  pronounced,  on  the  other  hand,  it  becomes  turbid  on 
boiling,  from  a precipitation  of  its  earthy  phosphates.  This  is  because 
the  earthy  phosphates  are  less  soluble  in  a hot  than  in  a cold  liquid; 

1 Analyse  des  Harns.  Wiesbaden,  18/2,  p.  350. 
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and  the  faintly  acid  reaction  of  the  urine,  which  was  enough  to  hold 
them  in  solution  at  ordinary  temperatures,  is  no  longer  sufficient  after 
the  application  of  heat,  and  the  phosphates  are  accordingly  thrown 
down  as  a deposit.  The  precipitation  from  this  cause  is  never  very 
abundant,  and  it  is  instantly  cleared  up  again  by  the  addition  of  a drop 
of  nitric  acid,  which  restores  the  normal  acidity  of  the  urine.  The  tur- 
bidity thus  produced  by  boiling,  from  the  precipitation  of  the  earthy 
phosphates,  is  not,  therefore,  usually  due  to  an  increased  quantity  of 
these  salts  in  the  urine,  but  simply  to  a deficiency  of  its  acid  reaction. 

Diseased  urine  may  also  become  turbid  on  boiling,  from  the  coagula- 
tion of  albumen.  This  is  readily  distinguished  from  a precipitation  of 
the  earthy  phosphates  by  two  facts— namely,  first,  that  it  may  take 
place  in  urine  which  is  distinctly  acid;  and  second,  that  the  addition  of 
nitric  acid,  which  redissolves  the  phosphatic  precipitate,  only  increases 
the  turbidity  which  is  due  to  albumen. 

Acids. The  addition  of  the  mineral  acids  to  healthy  urine  produces 

no  immediate  visible  effect,  beyond  increasing  its  acidity  and  slightly 
modifying  its  color.  They,  however,  decompose  its  urates  ; and  the  uric 
acid  thus  set  free  is  slowly  deposited  in  the  crystalline  form.  If  nitric 
or  hydrochloric  acid  be  added  to  fresh  filtered  urine,  in  the  proportion 
of  about  2 per  cent,  by  volume,  and  the  mixture  be  allowed  to  remain 
at  rest  for  twenty-four  or  forty-eight  hours,  the  sides  and  bottom  of  the 
vessel  become  covered  with  a thinly  scattered  deposit  of  uric  acid 
crystals.  These  crystals  have 
usually  the  form  of  transparent 
rhomboidal  plates,  or  oval 
laminae  with  pointed  extremi- 
ties, and  are  generally  tinged  of 
a yellowish  hue  by  the  coloring 
matter  of  the  urine.  They  are 
frequently  arranged  in  radiated 
•clusters,  or  small  spheroidal 
masses,  presenting  the  appear- 
ance of  minute  calculous  con- 
cretions, which  vary  much  in 
size  and  regularity,  according 
' to  the  time  occupied  in  their 
formation. 

The  deposit  of  uric  acid  crys- 
tals, thus  formed  in  healthy 
urine  from  the  addition  of  a 
mineral  acid,  is  always  scanty  in  amount,  and  only  becomes  visible  as 
a crystalline  precipitate  after  several  hours. 

In  rare  cases,  when  the  urine  is  loaded  with  an  unusual  proportion 
of  the  urates,  a few  drops  of  nitric  acid  will  produce  at  once  a per- 
ceptible turbidity,  from  the  precipitation  of  abundant  microscopic  erys- 


Fisr.  129. 


Crystals  of  Uric  Acid;  deposited  from 
urine,  after  the  addition  of  nitrio  acid. 
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tals  of  uric  acicl.  This  deposit  may  he  distinguished  from  albumen  by 
the  appearance  of  the  crystals  under  the  microscope,  and  also  by  the 
fact  that,  unlike  albumen,  it  is  not  produced  by  the  application  of  a 
boiling  temperature. 

Wheu  the  urine  is  scanty  and  concentrated,  owing  to  temporary  causes, 
with  a specific  gravity  of  1030  to  1085,  but  without  any  abnormal  in- 
gredient, if  it  be  mixed  with  one-half  its  volume  of  nitric  acid  and 
exposed  to  a low  temperature,  a crystallization  of  nitrate  of  urea  will 
often  take  place  in  the  course  of  half  an  hour  or  an  hour.  This  is 
due  simply  to  the  diminished  proportion  of  water,  which  is  still  suffi- 
cient to  hold  the  urea  in  solution,  but  allows  a separation  of  nitrate  of 
urea  when  this  salt  is  formed  by  the  addition  of  nitric  acid.  It  never 
takes  place  when  the  urine  has  its  normal  speeific  gravity  of  1020  to 
1025. 

Alkalies.— The  addition  of  a free  alkali  or  an  alkaline  carbonate  to 
normal  urine  diminishes  its  acid  reaction,  and,  as  soon  as  the  point  of 
saturation  has  been  reached,  produces  a turbidity,  owing  to  the  pre- 
cipitation of  the  earthy  phosphates.  These  are  the  only  ingredients  of 
the  urine  which  are  thrown  down  by  the  addition  of  an  alkali,  and  a 
free  acid  immediately  restores  its  transparency. 

Mineral  Salts.— Solutions  of  barium  chloride,  barium  nitrate,  or  the 
tribasic  lead  acetate,  when  added  to  healthy  urine,  decompose  its  sul- 
phates, and  produce  a dense  precipitate  of  the  corresponding  metallic 
salts.  Solutions  of  silver  nitrate  produce  a precipitate  with  the  sodium 
and  potassium  chlorides,  forming  silver  chloride  which  is  insoluble,  dhe 
tribasic  lead  acetate  and  silver  nitrate  also  throw  down  mucus  and 
coloring  matters. 

Abnormal  Ingredients  of  the  Urine. 

The  abnormal  ingredients  which  appear  in  the  urine  are  either:  1st. 
Foreign  substances  accidentally  present  in  the  blood,  which  are  elimi- 
nated by  the  kidneys,  such  as  glucose,  biliary  matters,  and  medicinal 
substances;  or  2d.  The  albuminous  constituents  of  the  blood,  which  are 
discharged  with  the  urine  owing  to  a disturbance  of  the  renal  circulation. 

Olucose. The  presence  of  glucose  in  the  urine  is  characteristic  of 

diabetes  mellitus.  In’  this  disease  the  urine  is  generally  increased  in 
quantity  and  at  the  same  time  of  unusually  high  speeific  gravity,  namely, 
from  1035  to  1050.  It  is  of  a light,  clear,  amber  or  straw  color,  and 
remarkably  transparent ; so  that  it  has  the  appearance  of  being  dilute, 
although  it  is  in  reality  denser  than  usual,  owing  to  the  presence  of 
glucose  in  solution.  The  gl ucose  is  detected  by  the  application  of  Trom- 
mer’s  or  Fehling’s  test,  or  by  that  of  fermentation.  For  the  latter  pur- 
pose a little  yeast  should  be  mixed  with  15  or  20  times  its  volume  of 
water  and  the  mixture  allowed  to  remain  at  rest  in  a cylindrical  upright 
o-lass ’vessel  until  the  yeast  globules  have  subsided  m a dense  homo- 
geneous layer  at  the  bottom.  The  supernatant  fluid,  containing  the 
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soluble  impurities  of  the  yeast,  is  poured  off,  and  a small  quantity  of 
the  moist  yeast-deposit  at  the  bottom  is  added  to  the  urine  under  exami- 
nation. The  mixture  is  then  placed 
in  a ferment-apparatus  and  kept  at  a 
temperature  of  about  25°  (77°  F.),  for 
forty-eight  hours,  when  the  gaseous 
products  of  fermentation  will  have 
been  completely  disengaged.  The 
most  convenient  form  of  apparatus  is 
a test-tube  of  known  capacity  (Fig. 

130,  a , b),  supported  by  a foot  and 
provided  with  an  India-rubber  stopper, 
through  which  passes  a narrow  glass 
tube  (c),  open  at  both  ends ; its  inner 
portion  reaching  to  the  bottom  of  the 
test-tube,  where  it  is  bent  upward,  to 
prevent  the  escape  of  gas,  its  outer 
portion  being  bent  downward,  to  allow 
the  liquid  expelled  to  drop  freely  from 
its  orifice.  The  test-tube  may  be 
graduated  in  cubic  centimetres  from 
above  downward.  The  apparatus 
being  filled  with  saccharine  urine, 
when  fermentation  begins  the  disen- 
gaged gas  rises  in  bubbles  to  the 
upper  part  of  the  test-tube  and  col- 
lects there,  while  the  urine  is  forced 
out  through  the  bent  glass  tube. 

Every  cubic  centimetre  of  carbonic 
acid  produced  corresponds  to  0.26 
milligrammes  of  sugar  decomposed.  A similar  apparatus,  containing 
the  same  quantity  of  healthy  urine  and  yeast,  should  be  kept  at  the 
same  temperature  for  an  equal  time,  as  a comparative  test;  since  a small 
quantity  of  carbonic  acid  might  be  disengaged  from  the  yeast  itself, 
owing  to  its  imperfect  purification.  The  difference  between  the  two 
cases  is  that  in  the  yeast  alone  the  disengagement  of  gas  soon  ceases ; 
while  in  a saccharine  solution  the  yeast-cells  multiply  indefinitely,  and 
carbonic  acid  continues  to  be  produced  until  most  of  the  sugar  has  been 
decomposed.  This  method  does  not  give  the  precise  quantity  of  the 
glucose  contained  in  any  single  specimen,  since  some  of  the  urine 
escapes  before  its  fermentation  is  fully  completed  ; but  it  is  at  the  same 
time  the  surest  indication  of  the  existence  of  sugar,  and  a ready  means 
of  determining  approximatively  whether  it  be  scanty  or  abundant  in 
amount. 

The  simplest  method  of  ascertaining  the  quantity  of  glucose  in  a 
given  specimen  of  urine  with  sufficient  accuracy  for  all  clinical  pur- 


Fig.  130. 


ing  saccharine  urine  in  fermentation.— a. 
Upper  part  of  the  test-tube  containing 
carbonic  acid.  b.  Lower  part  of  the  test- 
tube  containing  the  fermenting  liquid,  c. 
Bent  glass  tube,  to  allow  the  escape  of 
liquid,  d.  Liquid  which  has  been  forced 
out  from  the  test-tube  by  the  accumula- 
tion of  gas. 
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poses  is  that  of  Dr.  Roberts,1 2  •which  depends  upon  the  loss  of  specific 
gravity'-  occasioned  by  the  decomposition  of  the  glucose  in  fermentation. 
A portion  of  the  urine  is  taken  and  its  specific  gravity  ascertained  at 
the  temperature  of  25°  (77°  F.).  , A little  yeast  is  then  added  and  the 
mixture  kept  at  the  same  temperature  until  fermentation  has  ceased ; 
when  the  specific  gravity  is  again  taken.  The  diminution  in  density 
caused  by  the  conversion  of  the  glucose  into  alcohol  and  carbonic  acid 
is  such  that  the  loss  of  one  degree  in  specific  gravity  indicates  the  dis- 
appearance of  2.197  milligrammes  of  glucose  for  every  cubic  centimetre 
of  urine. 

The  glucose  can  be  obtained  directly  from  diabetic  urine,  according  to 
the  method  of  Hoppe-Seyler,  by  evaporating  the  urine  over  the  water- 
bath  to  the  consistency  of  a syrup,  and  allowing  it  to  remain  at  rest  for 
some  days  or  weeks  until  completely  crystallized.  The  crystalline  mass 
is  triturated  and  washed  with  a small  quantity  of  cold  alcohol,  to  re- 
move the  urea.  The  residue  is  then  extracted  with  boiling  alcohol,  and 
the  alcoholic  solution  filtered  while  still  hot,  after  which  the  glucose  is 
deposited  in  a crystalline  form. 

The  glucose  of  diabetic  urine  is  not  formed  in  the  kidneys,  but  pre- 
exists in  the  blood,  from  which  it  is  eliminated  in  the  renal  circulation. 
If  a solution  of  sugar  be  introduced  in  sufficient  quautity  directly  into 
the  bloodvessels  of  the  rabbit,  or  injected  into  the  subcutaneous  con- 
nective tissue  so  as  to  be  absorbed  thence  by  the  blood,  it  is  soon 
discharged  by  the  kidneys.  It  has  been  shown  by  Bernard,-  that  the 
time  within  which  sugar  appears  in  the  urine  under  these  circum- 
stances varies  with  the  quantity  injected  and  the  rapidity  of  its  absorp- 
tion. If  a solution  of  one  gramme  of  glucose  in  25  cubic  centimetres  of 
water  be  injected  under  the  skin  of  a rabbit  weighing  a little  over  one 
kilogramme,  it  is  entirely  destroyed  in  the  circulation,  and  does  not  pass 
out  with  the  urine.  A dose  of  1.5  gramme,  however,  injected  in  the 
same  way,  appears  in  the  urine  at  the  end  of  two  hours,  2 grammes  in 
an  hour  and  a half,  2.5  grammes  in  an  hour,  and  12.5  grammes  in  fifteen 
minutes.  Whenever,  accordingly,  glucose  accumulates  in  the  circula- 
tion beyond  a certain  quantity  in  proportion  to  the  whole  mass  of  the 
blood,  it  is  eliminated  as  a foreign  substance,  and  appears  as  an  in- 
gredient of  the  urine. 

Biliary  Matters— In  some  cases  of  jaundice,  the  coloring  matter  of 
the  bile  passes  into  the  urine  in  sufficient  abundance  to  give  to  the  fluid 
a deep  yellow  or  yellowish-brown  tinge,  so  that  it  may  even  stam  hneu 
or  cotton  fabrics,  with  which  it  comes  in  contact,  of  a similar  color. 
The  saline  biliary  substances,  namely,  sodium  glycocholate  and  tauro- 
cholate,  according  to  Lehmann,  have  also  been  detected  m the  urine. 
In  these  instances,  the  biliary  matters  are  reabsorbed  from  the  hepatic 
ducts  and  conveyed  by  the  blood  to  the  kidneys. 

1 Urinary  and  Renal  Diseases.  Philadelphia  edition,  1872,  p.  198. 

2 LeQons  de  Physiologic  Bxpdrimentale.  GlycogGnie.  Pans,  185o,  p.  - • 
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Potassium  ferrocyanide , when  introduced  into  the  circulation,  ap- 
pears with  great  readiness  in  the  urine ; and,  according  to  the  observa- 
tions of  Bernard,  may  begin  to  be  eliminated  within  twenty  minutes 
after  being  injected  into  the  duct  of  the  submaxillary  gland. 

Iodine , in  all  its  combinations,  passes  out  by  the  same  channel. 
After  the  administration,  in  the  healthy  human  subject,  of  192  milli- 
grammes of  iodine,  in  the  form  of  syrup  of  the  iodide  of  iron,  we  have 
found  it  to  be  present  in  the  urine  at  the  end  of  thirty  minutes,  and  thau  it 
continued  to  be  discharged  for  nearly  twenty-four  hours.  In  the  case  of 
two  patients  who  had  been  taking  potassium  iodide,  one  of  them  foi  six 
weeks,  the  other  for  two  months,  the  urine  still  contained  iodine  at  the 
end  of  three  days  after  the  suspension  of  the  medicine ; but  at  the  end 
of  three  days  and  a half  it  was  no  longer  present.  Even  when  iodine, 
however,  is  taken  in  a free  form,  as  in  that  of  alcoholic  solution,  it 
always  passes  out  by  the  urine  in  combination.  It  cannot  be  detected, 
accordingly,  by  the  simple  admixture  of  starch  with  the  urine,  but  must 
be  set  free  by  the  addition  of  a drop  or  two  of  nitric  acid,  aitei  which  it 
produces  its  characteristic  blue  color  by  union  with  the  starch,  lhe 
same  thing  is  true  of  the  other  animal  fluids,  such  as  the  saliva  and  the 
perspiration,  by  which  iodine  is  also  eliminated  after  its  introduction 
into  the  system. 

Quinine , when  taken  as  a remedy,  has  been  detected  in  the  urine. 
Ether  passes  out  of  the  circulation  in  the  same  way,  and  its  odor  may 
sometimes  be  very  perceptible  in  the  urine,  after  having  been  inhaled 
for  the  purpose  of  producing  anaesthesia.  The  peculiar  odors  developed 
in  the  urine  after  the  use  of  Asparagus , and  certain  other  vegetable  sub- 
stances, are  produced  by  a transformation  of  their  ingredients  while 
passing  through  the  animal  system. 

Albumen. — Under  ordinary  conditions  the  albumen  of  the  blood  does 
not  pass  out  in  any  proportion  from  the  renal  vessels  ; but  whenever  the 
pressure  in  these  vessels  is  increased  beyond  a certain  point,  owing  to 
congestion,  compression  of  the  renal  veins  by  abdominal  tumors,  preg- 
nancy, or  altered  nutrition  of  the  kidneys  in  Bright’s  disease,  the 
albuminous  ingredients  of  the  blood  transude  through  the  capillaries 
and  make  their  appearance  in  the  urine. 

Albuminous  urine  is  usually  rather  pale,  and  often  somewhat  opales- 
cent from  the  admixture  of  exfoliated  epithelium  cells  or  of  fibrinous 
casts  from  the  uriniferous  tubules  of  the  kidney.  When  this  is  the  case, 
it  should  be  rendered  transparent  by  filtration  before  applying  the  tests, 
since  the  turbidity  already  existing  might  mask  the  reaction,  if  the 
albumen  were  present  in  small  proportion. 

If  the  urine  have  an  acid  reaction,  the  application  of  heat  produces  a 
turbidity  which  is  more  marked  in  proportion  to  the  quantity  of  albu- 
men which  it  contains  In  extreme  cases  the  fluid  may  solidify,  like 
the  serum  of  blood,  before  reaching  the  boiling  point ; but  the  albumen 
is  more  frequently  thrown  down  in  loose  whitish  flakes.  When  the 
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turbidity  produced  by  boiling  is  moderate  in  amount,  it  may  resemble 
that  due  to  the  precipitation  of  the  earth}'  phosphates.  It  can,  how- 
ever, be  distinguished  by  the  addition  of  a drop  of  free  acid,  which  at 
once  redissolves  the  earthy  phosphates,  while  it  does  not  affect  a tur- 
bidity caused  by  albumen.  An  albuminous  precipitate,  on  the  contrary, 
however  abundant,  is  redissolved  by  the  addition  of  a caustic  aikali. 

If  the  urine  be  alkaline  in  reaction,  boiling  may  not  throw  down  the 
albumen  present,  this  substance  being  soluble  in  an  alkali.  Urine, 
accordingly,  which  is  suspected  of  being  albuminous,  should  be  first 
rendered  distinctly  acid  in  reaction,  if  necessary,  by  the  addition  of  a 
small  quantity  of  acetic  acid. 

Nitric  acid,  added  to  albuminous  urine,  produces  a turbidity  by 
coagulation  of  the  albumen.  Alcohol,  added  to  the  urine  in  equal 
volume,  will  have  the  same  effect ; and  a solution  of  potassium  ferrocy- 
anide,  acidulated  with  acetic  acid,  will  also  produce  coagulation.  All 
the  above  tests,  if  applied  in  succession,  will  leave  no  doubt  as  to  the 
presence  or  absence  of  albumen. 

Deposits  in  the  Urine. 

The  deposits  which  appear  spontaneously  in  the  urine  consist  either  : 
1st,  of  some  of  its  normal  ingredients,  thrown  down  in  consequence 
of  a disturbance  in  its  relative  composition ; or  2d,  of  exudations 
from  the  mucous  membrane  of  the  urinary  passages,  owing  to  a dis- 
eased condition  of  the  parts.  Those  belonging  to  the  first  class  are  the 
eartliv  phosphates  and  the  urates.  The  most  common  of  those  belong- 
ing to  the  second  are  blood,  mucus,  and  pus. 

Deposits  of  the  Earthy  Phosphates,— These  deposits  are  always  of  a 
white  color,  and  are  seldom  abundant.  When  the  urine  is  first  passed, 
the  phosphates  are  disseminated  through  its  mass  in  the  form  of  a light 
cloudiness,  which  settles  slowly  to  the  bottom  of  the  vessel.  The 
urine  is  alkaline  or  neutral  in  reaction,  and  is  usually  of  less  than  the 
average  specific  gravity.  The  precipitate  is  amorphous,  presenting  no 
crystalline  forms  under  the  microscope.  It  is  at  once  redissolved  on 
the  addition  of  an  acid,  and  presents  all  the  chemical  leactions  which 
have  been  described  as  belonging  to  the  earthy  phosphates.  The  alka- 
line reaction  of  the  urine,  which  gives  rise  to  the  appeaiance  of  this 
deposit,  may  be  due  to  a temporary  diminution  in  the  quantity  of  uric 
acid  produced  in  the  system,  or  to  an  unusual  formation  of  alkaline 
carbonates  from  the  use  of  fruits  or  vegetables  containing  salts  of  the 
vegetable  acids. 

Deposits  of  the  Urates.— The  urates  appear  as  a deposit  when  the 
formation  of  uric  acid  in  the  system  is  unusually  abundant  in  propor- 
tion to  the  entire  quantity  of  the  urine,  so  that  a portion  of  the  urates 
are  no  longer  held  in  solution.  The  urine  is  nearly  always  concentrated, 
highly  colored,  above  the  average  specific  gravity,  and  of  a strongly 
acid  reaction.  The  deposit  is  sometimes  nearly  white,  but  usually  it  is 
of  a hght  pink  or  even  red  color,  according  to  the  degree  of  concentra- 
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tion  of  the  urine  from  'which  it  is  deposited.  If  the  urine  he  allowed  to 
settle  in  a white  earthen  or  porcelain  vessel,  and  then  carelully  poured 
off  the  more  deepty  colored  deposits  are  left  as  a brick-red  stain  upon 
the  inner  surface  of  the  vessel,  forming  what  is  known  as  the  “ brick- 
dust”  sediment. 

Deposits  of  the  urates  are  easily  recognized  by  two  special  characters, 
namely : First,  they  never  appear  while  the  urine  is  still  warm,  but  only 
after  it  has  cooled;  the  urine,  when  first  passed,  being  always  perfectly 
clear,  and  becoming  turbid  on  repose,  more  or  less  rapidly  according  to 
the  rate  of  cooling.  Secondly,  the  urine,  after  cooling,  however  turbid, 
if  heated  in  a test-tube,  becomes  clear  again,  usually  before  reaching 
the  boiling  point.  Both  these  characters  depend  upon  the  solubility 

of  the  urates  at  high  temperatures. 

In  rare  cases,  when  a specimen  of  urine  is  turbid  with  the  urates  and 
also  contains  albumen,  a double  effect  may  be  produced  by  the  applica- 
tion of  heat.  When  such  a specimen  is  first  heated,  it  is  cleared  up, 
owing  to  the  solution  of  the  urates;  but,  on  approaching  the  boiling 
point,  it  again  becomes  turbid  from  precipitation  ot  the  albumen. 

The  urates  are  also  soluble  in  the  caustic  alkalies,  so  that  the  ad- 
dition of  a few  drops  of  a solution  of  sodium  or  potassium  hydrate 
redissolves  the  precipitate.  The  addition  of  a free  acid  decomposes  it, 
with  the  formation  of  a soluble  salt,  and  the  separation  of  uric  acid  which 


afterward  crystallizes,  as  wThen  thrown  down  in  the  same  manner 
from  normal  urine.  But  the  volume  of  the  uric  acid  thus  produced  is 
so  much  smaller  than  that  of  the  urates  previously  disseminated  through 
the  urine,  that  the  immediate  apparent  efl'ect  is  that  of  simple  solution 
of  the  precipitate.  A deposit  ^ 

of  the  urates  is  accordingly  the 
only  one  liable  to  occur  in  the 
urine,  which  is  cleared  up  by 
the  addition  of  both  alkalies 
and  acids. 

Deposits  of  the  urates,  when 
first  thrown  down,  are  pulver- 
ulent in  form,  presenting  un- 
der the  microscope  only  the 
appearance  of  a collection  of 
minute  granules.  After  a day 
or  two  they  sometimes  crystal- 
lize in  the  form  of  bundles  or 
globular  masses  of  radiating 
needles,  often  with  straight  or 
curved  projections,  extending 
from  the  outer  surface.  If 
a few  drops  of  free  acid  be 

added  to  this  deposit  while  under  the  microscope,  the  crystalline  masses 
of  sodium  urate  may  be  seen  to  grow  transparent,  and  slowly  dissolve 


Crystalline  Mashes  of  Sodium  Urate, 
from  a urinary  deposit. 
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from  without  inward,  while  rhomboidal  tabular  crystals  of  uric  acid 
make  their  appearance  in  the  adjacent  fluid. 

Crystals  of  uric  acid  sometimes  appear  spontaneously  in  a deposit 
of  the  urates  within  a few  hours  after  its  formation,  owing  to  the  de- 
velopment of  a free  acid  in  the  urine ; and  they  are  sometimes  formed 
within  the  urinary  passages,  so  as  to  be  present  when  the  urine  is  first 
passed.  Owing  to  their  density  and  angularity  they  are  the  cause  of 
much  irritation  to  the  mucous  membrane  of  the  bladder  and  urethra, 
and  are  known  as  the  “gravel”  of  the  urine.  In  a mingled  precipitate 
of  the  urates  and  uric  acid,  the  urates  form  an  abundant  light,  pulver- 
ulent, pinkish  turbidity ; while  the  uric  acid  is  a comparatively  scanty, 
dense,  deeply  colored,  crystalline  deposit,  which  sinks  rapidly  and  accu- 
mulates at  the  bottom  of  the  vessel,  the  urates  being  more  slowly  depos- 
ited above  it. 

Blood. — Urine  containing  blood  is  more  or  less  tinged  throughout  its 
mass  -with  a dull  reddish  color  which  is  easily  distinguished  from  that 
due  to  a concentration  of  the  normal  color  of  the  urine  itself.  After 
one  or  two  hours  of  repose  in  a cylindrical  glass  vessel,  the  blood- 
globules  are  slowly  deposited ; and  when,  as  frequently  happens,  they 
are  entangled  in  minute  filamentous  coagula,  these  form  a strongly 
colored  red  layer  at  the  bottom  of  the  vessel.  The  nature  of  the  deposit 
is  recognized  by  two  well-marked  characters,  namely : 1st.  The  blood- 
globules  are  easily  distinguished  by  microscopic  examination,  their 
natural  form  not  being  entirely  lost  even  after  they  have  remained  in 
the  urine  for  several  hours;  and  2d.  The  supernatant  fluid,  when  de- 
canted from  the  deposit,  is  found  to  contain  albumen. 

Mucus.— The  slight  quantity  of  vesical  mucus  which  is  normally  con- 
tained in  the  urine  is  at  first  uniformly  disseminated  throughout  its  mass, 
and  even  after  being  left  in  repose  is  insufficient  to  produce  any  well 
marked  or  consistent  deposit.  The  light  cloudy  opalescence,  'which  it 
forms  at  the  bottom  of  the  vessel,  is  visible  only  on  close  inspection,  and 
is  readily  disseminated  again  by  the  least  agitation.  But  in  cases  of 
inflammation  of  the  urinary  bladder,  the  mucus  discharged  is  much 
increased  in  quantity  and  altered  in  quality.  It  then  appears  as  a con- 
sistent mass,  which  does  not  mix  uniformly  with  the  rest  of  the  mine, 
but  subsides  to  the  bottom  as  a semifluid  deposit.  Mucus  by  itself 
is  transparent  and  colorless,  but  it  frequently  contains  a ceitain 
number  of  epithelium  cells  exfoliated  from  the  inner  surface  of  the 
bladder;  and  when  crystalline  or  pulverulent  deposits  begin  to  take 
place  in  the  urine,  they  occur  first  in  contact  with  the  mucus,  so  that 
its  surface  is  often  sprinkled  with  a thin  layer  of  the  urates  or  phos- 
phates, which  give  it  a partly  opaque  appearance.  It  is  distinguished 
by  its  viscid  and  semifluid  consistency.  It  is  not  affected  by  heat,  but 
is  coagulated  and  shrivelled  by  the  action  of  alcohol  and  of  nitric  or 
acetic  acid.  Urine  containing  mucus  is  especially  liable  to  rapid  de- 
composition, and  often  has,  soon  after  being  discharged,  a peculiarly 
offensive  odor  from  this  cause. 
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Pus. — When  pus  is  contained  in  the  urine  it  subsides  on  standing, 
and  forms  at  the  bottom  a dense,  homogeneous-looking,  creamy-white 
layer.  It  is  perfectly  fluid  in  consistency  and  may  be  easily  dissemi- 
nated by  agitation.  Microscopic  examination  shows  it  to  be  composed 
exclusively  of  colorless,  granular,  nucleated  “ pus-globules,”  identical 
in  appearance  with  the  white  globules  of  the  blood,  but  distinguishable 
from  those  belonging  to  a deposit  of  blood  by  their  much  greater 
abundance  and  by  the  absence  of  red  globules.  If  the  supernatant  fluid 
be  poured  off,  and  a few  drops  of  a solution  of  caustic  alkali  added  to 
the  purulent  deposit,  it  loses  its  white  color  and  opacity,  owing  to  the 
solution  of  its  granular  cells,  and  swells  up  into  a transparent,  colorless 
substance  of  gelatinous  consistency,  which  can  no  longer  be  poured 
out  of  the  vessel  in  drops,  but  slides  out  in  a single  semi-solid  mass. 
This  character  alone  will  serve  to  distinguish  a deposit  of  pus  from 
any  other  liable  to  occur  in  the  urine.  The  supernatant  fluid,  when 
carefully  filtered,  is  found  to  contain  a small  quantity  of  albumen,  the 
interstitial  fluid  of  pus  being  itself  albuminous. 

Decomposition  of  the  Urine. 

After  its  discharge  from  the  body,  the  urine  undergoes  spontaneous 
changes,  by  which  its  ingredients  are  altered  and  finally  disappear.  This 
process  of  spontaneous  decomposition  is  closely  dependent  upon  the 
small  quantity  of  mucus  contained  in  the  urine,  since  it  is  very  much 
retarded  if  the  mucus  be  separated  by  immediate  filtration,  and  is  hast- 
ened in  a corresponding  degree  when  the  mucus  is  abnormally  abundant. 
It  is  characterized  by  two  different  stages,  which  are  distinguished  from 
each  other  by  the  successive  development  of  an  acid  and  an  alkaline 
reaction.  They  are  known  accordingly  as  the  acid  and  the  alkaline 
fermentations. 

Acid  Fermentation  of  the  Urine. — This  process,  which  is  the  first  to 
6how  itself  in  the  urine,  takes  place  for  the  most  part  within  the  first 
twelve,  twenty-four,  or  forty-eight  hours  after  the  discharge  of  the  urine, 
according  to  the  elevation  of  the  surrounding  temperature.  It  consists 
in  the  production  of  a free  acid,  usually  lactic  acid,  from  some  of  the 
undetermined  organic  ingredients  of  the  excretion.  The  urine  when 
fresh  contains  no  free  acid  substance,  its  reaction  to  test-paper  being 
due  to  the  presence  of  its  sodium  biphosphate.  But  lactic  acid  has, 
notwithstanding,  been  so  often  found  in  nearly  fresh  urine  as  to  be 
sometimes  regarded  as  one  of  its  normal  constituents.  Observation  has 
shown,  however,  that  urine,  although  entirely  free  from  lactic  acid  when 
first  passed,  may  present  distinct  traces  of  this  substance  after  some 
hours  of  exposure  to  the  air.  Its  production  in  this  way,  although  not 
constant,  appears  to  be  sufficiently  frequent  to  be  regarded  as  a normal 
process. 

During  the  period  of  the  acid  fermentation,  there  is  reason  to  believe 
that  oxalic  acid  is  also  sometimes  produced  in  a similar  manner.  It  is 
26 
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certain  that  a deposit  of  lime  oxalate  is  frequently  present  in  perfectly 
normal  urine  after  a day  or  two  of  exposure  to  the  atmospheie,  and  may 
he  observed,  under  these  circumstances,  without  the  existence  of  any 
morbid  symptom.  "Whenever  oxalic  acid  is  formed  in  the  urine  it  must 
unite  with  the  lime  in  preference  to  any  other  of  the  bases  present,  and 
is  consequently  deposited  under  the  form  of  lime  oxalate ; a salt  which 
is  quite  insoluble  both  in  water  and  in  the  urine,  even  when  heated  to 
the  boiling  point.  In  these  cases,  the  lime  oxalate  crystals  gradually 
appear  in  the  light  cloud  of  mucus  collected  at  the  bottom  of  the  vessel, 

while  the  supernatant  fluid  re- 


Fig.  132. 


Crystals  of  I.imb  Oxalate,  deposited 
from  healthy  urine,  during  the  acid  feijmentation. 


mains  clear.  They  are  of  minute 
size,  for  the  most  part  just 
visible  to  the  naked  eye,  rather 
scanty  in  amount,  transparent, 
and  colorless.  They  have  the 
form  of  regular  octohedra,  or 
double  quadrangular  pyramids, 
united  base  to  base.  They  make 
their  appearance  usually  about 
the  commencement  of  the  sec- 
ond day,  the  urine  at  the  same 
time  continuing  clear  and  re- 
taining its  acid  reaction.  They 
frequently  appear  as  a deposit 
when  no  substance  containing 
oxalic  acid  or  oxalates  has  been 
taken  with  the  food.  The  pre- 


cise source  from  which  the  oxalic  acid,  under  these  circumstances,  is 
derived  has  not  been  fully  determined,  but  it  is  most  probably  produce 
from  a metamorphosis  of  a small  portion  of  the  uric  acid  of  the  urine. 
If  uric  acid  be  boiled  in  two  parts  of  water  with  lead  peroxide,  it  is  de- 
composed, with  the  production,  among  other  substances,  of  urea  anc 
oxalic  acid  ; and  it  is  supposed  that  some  similar  change  may  take  place 
in  the  urine,  causing  the  appearance  of  a minute  quantity  of  oxalic  acid, 
which  decomposes  a portion  of  the  lime  salts  and  thus  appears  as  a 

crystalline  deposit  of  lime  oxalate. 

Alkaline  Fermentation  of  the  Urine.— Ft  the  end  of  a few  days  e 
changes  above  described  come  to  an  end,  and  are  succeeded  by  a different 
process,  which  consists  essentially  in  the  decomposition  of  the  urea  ot 
the  urine  and  its  transformation  into  ammonium  carbonate.  mis 
change,  which  may  be  produced  artificially  in  a watery  solution  of  urea 
by  continued  boiling,  takes  place  in  the  urine  slowly  at  low  tempeia- 
tures,  more  rapidly  during  warm  weather.  The  elements  o wo 
molecules  of  water  unite  with  those  of  the  urea  undergoing  decomposi- 
tion, to  produce  ammonium  carbonate,  as  follows : 

Urea.  Ammonium  carbonate. 

CH4N20  + IIA  = (NH4)2C03. 
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The  first  portions  of  the  ammoniacal  salt  thus  produced  neutralize  a 
corresponding  quantity  of  the  sodium  biphosphate,  so  that  the  acid 
reaction  of  the  urine  diminishes  in  intensity.  This  reaction  gradually 
becomes  weaker,  as  the  fermentation  proceeds,  until  it  at  last  disappears 
altogether  and  the  urine  becomes  neutral.  The  production  of  ammonium 
carbonate  still  continuing,  the  reaction  of  the  fluid  then  becomes  alkaline, 
and  its  alkalescence  grows  more  pronounced  with  the  constant  accumu- 
lation of  the  ammoniacal  salt. 

The  time  at  which  the  alkaline  reaction  of  the  urine  becomes  estab- 
lished varies  with  its  original  degree  of  acidity  and  with  the  rapidity  of 
its  decomposition.  Urine  which  is  neutral  when  first  passed,  as  often 
happens  with  that  discharged  during  the  earlier  part  of  the  day,  will  of 
course  become  alkaline  more  readily  than  that  which  has  at  first  a 
strongly  acid  reaction.  In  the  summer,  urine  will  become  alkaline,  if 
freely  exposed,  on  the  third,  fourth,  or  fifth  day ; while  in  the  winter,  a 
specimen  kept  in  a cool  place  may  still  be  neutral  at  the  end  of  fifteen 
days.  In  cases  of  paralysis  of  the  bladder  accompanied  with  cystitis, 
where  the  vesical  mucus  is  increased  in  quantity  and  altered  in  quality, 
and  the  urine  is  retained  in  the  bladder  for  ten  or  twelve  hours  at  the 
temperature  of  the  body,  it  may  change  so  rapidly  as  to  be  distinctly 
alkaline  and  ammoniacal  at  the  time  of  its  discharge.  In  these  cases  it 
is  acid  when  first,  secreted  by  the  kidneys,  and  becomes  alkaline  while 
retained  in  the  interior  of  the  bladder. 

The  first  effect  of  the  alkaline  condition  of  the  urine,  thus  produced, 
is  the  precipitation  of  the  earthy  phosphates.  This  precipitate  slowly 
settles  upon  the  sides  and  bottom  of  the  vessel,  or  is  partly  entangled 
with  certain  animal  matters  which  rise  to  the  surface  and  form  a thin, 
opaline  scum  upon  the  urine.  There  are  no  crystals  to  be  seen  at  this 
time,  but  the  deposit  is  entirely  amorphous  and  granular. 

The  next  change  consists  in  the  production  of  a new  salt,  the 
ammonio-magnesian  phosphate , by  the  combination  of  the  ammonia 
formed  from  the  urea  with  the  magnesium  phosphate  already  present  in 
the  urine.  The  change  may  be  represented  as  follows  : 

Magnesium  phosphate.  Ammonia.  Ammonio-magnesian  phosphate. 

MgHP04  -f  NH3  = MgNH4PO.t 

The  crystals  of  this  salt  are  very  elegant  and  characteristic.  They 
show  themselves  throughout  all  parts  of  the  mixture,  growing  gradually 
in  the  mucus  at  the  bottom,  adhering  to  the  sides  of  the  glass,  and 
scattered  abundantly  over  the  film  which  collects  upon  the  surface.  By 
their  refractive  power  they  give  to  this  film  a peculiar  glistening  and 
iridescent  appearance,  which  is  nearly  always  visible  at  the  end  of  six 
or  seven  days.  The  crystals  are  perfectly  colorless  and  transparent,  and 
have  the  form  of  triangular  prisms,  generally  with  bevelled  exti’emities. 
Their  edges  and  angles  are  frequently  replaced  by  secondary  facets. 
They  are  insoluble  in  alkalies,  but  are  easily  dissolved  by  acids,  even 
in  very  dilute  form.  At  first  they  are  of  minute  size,  but  gradually 
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Fig.  133. 


Phosphate,  deposited  from  healthy  urine, 
during  the  alkaline  fermentation. 


off  wherever  urine  is  allowed  to  remain 
until  all  the  urea  has  been  decomposed. 


increase,  so  that  after  seven  or 
eight  days  they  may  become 
visible  to  the  naked  eye. 

As  the  decomposition  of  the 
urine  continues,  the  ammonium 
carbonate  which  is  produced, 
after  saturating  all  the  other 
ingredients  with  which  it  is  ca- 
pable of  entering  into  combina- 
tion, begins  to  be  given  off  in  a 
free  form.  The  urine  then  ac- 
quires an  ammoniacalodor;  and 
a piece  of  moistened  test-paper, 
held  a little  above  the  surface, 
will  have  its  color  turned  by 
the  alkaline  gas  escaping  from 
the  fluid.  This  is  the  source 
of  the  ammoniacal  vapor  given 
and  decompose.  It  continues 


Renovation  of  the  Body  in  the  Nutritive  Process. 

As  the  materials  of  nutrition  are  constantly  introduced  with  the  food, 
while,  on  the  other  hand,  the  products  of  excretion  are  removed  from 
the  body  and  discharged  externally  by  the  breath,  the  perspiration,  the 
urine,  and  the  feces,  an  incessant  renewal  takes  place  in  the  ingredients 
of  which  the  animal  system  is  composed.  During  the  early  periods  of 
growth  and  development,  the  quantity  of  material  introduced  is  greater 
than  that  discharged,  and  the  body  consequently  increases  in  weight 
and  size.  In  wasting  diseases  and  in  advanced  age,  the  loss  of  sub- 
stance by  excretion  exceeds  the  gain  by  nutrition,  and  the  weight  ot 
the  body  is  therefore  diminished.  But  during  health,  in  adult  life,  the 
two  processes  are  equal ; and,  with  certain  temporary  fluctuations 
which  counterbalance  each  other,  the  weight  of  the  body  remains  the 

same.  _ . . 

The  total  quantity  of  material,  introduced  and  discharged  within  a 
given  time,  forms,  accordingly,  a measure  of  the  rapidity  with  which  the 
internal  changes  of  nutrition  and  metamorphosis  go  on  in  the  animal 
system.  It  is  not  possible  to  indicate  this  quantity  in  either  case  with 
absolute  accuracy;  but  the  observations  which  have  been  made  m this 
direction  are  sufficiently  definite  to  show,  in  a general  way,  the  aierage 
results  of  the  two  corresponding  actions  of  waste  and  supply.  The 
following  table  gives,  approximately,  the  daily  quantity  ot  material 
absorbed  and  discharged  in  a healthy  adult,  the  weight  of  the  body 
remaining  sensibly  unaltered: 
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Absorbed  during  24  hours.  Discharged  during  24  hours. 


Water 

2250  grammes. 

Carbonic  acid  . 

. 750  grammes 

Oxygen  . 

700 

Aqueous  vapor . 

. 500 

Albuminous  matter  . 

130 

Perspiration 

. 850 

Starch  and  sugar 

300 

Water  of  the  urine 

. 1200 

Fat  . 

100 

Urea  and  salts  . 

70 

Salts 

20 

Feces 

. 130 

3500  grammes. 

3500  grammes 

Rather  more  than  5 per  cent.,  therefore,  of  the  entire  bodily  weight  is 
absorbed  and  discharged  daily  by  the  healthy  adult  human  subject; 
and,  for  a man  having  the  average  weight  of  65  kilogrammes,  a quantity 
of  material,  equal  to  the  weight  of  the  whole  body,  thus  passes  through 
the  system  in  the  course  of  twenty  days. 


SECTION  II. 

THE  NERVOUS  SYSTEM 


CHAPTER  I. 

GENERAL  STRUCTURE  AND  FUNCTIONS  OF  THE 
NERVOUS  SYSTEM. 

The  nervous  system  is  an  apparatus  of  intercommunicating  fibres  and 
cells,  disseminated  throughout  the  body,  and  standing  in  anatomical 
connection  with  the  various  organs  of  the  animal  system.  It  has  pro- 
perties which  are  different  from  those  of  the  other  organized  tissues, 
and  the  effect  of  its  operation  is  to  bring  the  active  phenomena  of  vari- 
ous parts  of  the  body  into  a definite  relation  with  each  other,  and  with 
those  of  the  outside  world.  It  is  therefore  a medium  of  communica- 
tion, by  which  the  different  animal  functions  are  associated  together  in 
harmonious  action,  and  are  stimulated  or  modified  according  to  the 
demands  of  the  system  itself  or  the  varying  influence  of  external  condi- 
tions. 

Each  organ  and  tissue  of  the  body  possesses,  independently  of  the 
nervous  system,  certain  characteristic  properties  or  modes  of  activity, 
which  may  be  called  into  operation  by  any  appropriate  stimulus  or 
exciting  cause.  If  the  heart  of  a frog,  after  its  removal  from  the  body, 
be  touched  with  the  point  of  a steel  needle,  it  contracts  and  repeats 
very  nearly  the  movement  of  an  ordinary  pulsation.  If  the  leg  of  the 
same  animal  be  separated  from  the  thigh,  the  integument  removed,  and 
the  poles  of  a galvanic  battery  applied  to  its  exposed  surface,  a mus- 
cular contraction  takes  place  at  the  moment  the  electric  circuit  is  com- 
pleted. The  application  of  heat,  friction,  or  an  irritating  liquid  to  a 
particular  part  of  the  integument  brings  on  a local  redness  which  again 
subsides  after  the  removal  of  the  exciting  cause  ; and  a solution  of 
belladonna  dropped  upon  the  cornea,  when  absorbed  by  the  tissues  and 
brought  in  contact  with  the  iris,  produces  a change  in  the  condition  of 
its  fibres  and  a dilatation  of  the  pupil.  In  these  instances,  the  organ 
which  performs  the  vital  act  is  excited  by  the  direct  application  of  a 
stimulus  to  its  own  tissues. 

But  this  is  not  the  mode  in  which  the  natural  functions  of  the  animal 
system  are  excited  during  life.  The  physiological  stimulus  which  calls 
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into  action  the  organs  of  the  living  body  is  not  direct  but  indirect  in  its 
operation.  In  the  healthy  and  uninjured  condition  of  the  frame,  the 
muscles  are  never  made  to  contract  by  an  external  stimulus  applied 
immediately  to  their  own  fibres,  but  by  one  which  first  operates  upon 
some  other  organ,  adjacent  or  remote.  The  various  secreting  glands 
have  their  functional  activity  increased  or  diminished  by  causes  which 
are  directly  applied  not  to  themselves  but  to  other  parts  of  the  body ; 
as  where  a flow  of  saliva  from  the  parotid  is  produced  by  food  intro- 
duced into  the  cavity  of  the  mouth,  or  where  the  discharge  of  perspira- 
tion by  the  skin  is  modified  by  the  influence  of  mental  conditions.  As 
a rule,  therefore,  in  the  natural  state  of  the  system,  the  various  organs 
situated  in  different  parts  of  the  body  are  connected  with  each  other  by 
a mutual  sympathy  which  regulates  their  physiological  action.  This 
connection  is  established  through  the  medium  of  the  nervous  system. 

The  function  of  the  nervous  system  is  therefore  to  associate  the 
different  parts  of  the  body  in  such  a manner , that  stimulus  applied  to 
one  organ  may  excite  the  activity  of  another. 

The  instances  of  this  mode  of  action  are  as  numerous  as  the  different 
vital  phenomena.  The  stimulus  of  light  falling  upon  the  retina  pro- 
duces contraction  of  the  pupil.  The  introduction  of  food  into  the 
stomach  causes  the  gall-bladder  to  empty  itself  into  the  duodenum. 
The  contact  of  alimentary  substances  with  the  mucous  membrane  of 
the  intestine,  excites  the  peristaltic  action  of  its  muscular  coat.  The 
presence  of  a growing  foetus  in  the  uterus  is  accompanied  by  an  increased 
growth  of  the  mammary  glands.  Every  organ  is  subservient,  in  the 
manifestation  of  its  functional  activity,  to  influences  from  other  parts,  of 
a structure  different  from  its  own. 

General  Structure  of  the  Nervous  System. 

The  nervous  system  consists  of  two  kinds  of  nervous  tissue,  differing 
from  each  other  in  appearance,  structure,  and  physiological  endowments. 
One  of  these  is  the  white  substance,  composed  of  nerve  fibres  alone ; the 
other  is  the  gray  substance , which  contains,  in  addition  to  the  nerve 
fibres,  interstitial  matter  and  nerve  cells.  The  white  substance  is  found 
in  the  trunks  and  branches  of  the  nerves,  on  the  surface  of  the  spinal 
cord,  and  in  the  internal  parts  of  the  brain.  The  gray  substance  forms 
the  external  layer  or  convolutions  of  the  brain,  as  well  as  various  de- 
posits about  its  base  and  central  parts,  the  central  portion  of  the  spinal 
cord,  and  a lai'gc  number  of  small  detached  masses  in  different  parts  of 
the  body.  These  two  kinds  of  nervous  tissue  are  so  different  in  their 
properties  and  function  as  to  require  for  each  a separate  description. 

Nerve  Fibres. 

The  nerve  fibres  are  cylindrical  filaments,  arranged  in  bundles  or 
tracts,  in  which  they  run,'  for  the  most  part,  in  a direction  parallel  to 
each  other.  Their  diameter  varies  considerably,  even  m the  same 
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locality  ; some  of  the  fibres  in  a single  bundle  being  10,  15  or  18  micro- 
millimetres in  diameter,  while  others  are  not  more  than  2.5  mmm.  Their 
average  size  also  varies  in  different  parts  of  the  nervous  system.  The 
larger  fibres  are  found  in  the  peripheral  trunks  and  branches  of  the 
nerves,  where  they  have  an  average  diameter  of  12.5  mmm.;  in  the 
white  substance  of  the  brain  and  spinal  cord  their  average  diameter  is 
5 mmm.,  and  in  the  gray  substance  it  is  reduced  to  2 mmm.  Two  por- 
tions of  the  nervous  system,  both  of  which  contain  nerve  fibres,  are 
often  distinguished  from  each  other  by  the  relative  numbers  of  their 
laro-er  and  smaller  fibres.  Tlius  in  the  cutaneous  nerves  of  man,  accord- 
ing to  Bidder,  Yolkmann,  and  Kolliker,  the  larger  and  smaller  fibres  are 
present  in  about  equal  quantity,  while  in  the  muscular  nerves  the  larger 
fibres  are  three  times  as  abundant  as  the  smaller.  In  the  nerves  of  bony 
tissue  the  proportion  of  small  fibres  is  double  that  of  the  large  ones, 
and  in  the  gray  substance  of  the  cerebral  hemispheres  there  are  none 
larger  than  6 or  I mmm.  in  diameter.  The  nerve  fibres  belonging  to  the 
same  bundle  or  tract  may  even  become  increased  or  diminished  in  diameter 
in  different  parts  of  their  course ; as  Kolliker  has  shown  that  the  fibres 
of  the  posterior  roots  of  the  spinal  nerves,  in  passing  through  the  cord 
from  the  exterior  to  the  gray 

substance,  are  reduced  in  their  Fig.  134. 

average  diameter  from  10  to  5 
mmm. ; and  those  of  the  white 
substance,  of  the  cerebral  hemi- 
spheres, on  entering  the  gray 
matter  of  the  convolutions,  are 
reduced  from  5 mmm.  to  2 
mmm.  in  diameter. 

The  structure  of  the  nerve- 
fibre,  in  its  most  complete 
form,  presents  .three  distinct 
elements,  namely  : an  external 
tubular  sheath,  an  intermediate 
medullary  layer,  and  a central 
axis  cylinder. 

The  Tubular  Sheath. — The 
exterior  of  the  nerve  fibre  is 
composed  of  a colorless,  trans- 
parent tubular  membrane, 
which  closely  invests  the  re- 
maining portions  and  is  seen 
with  some  difficulty  in  the 
natural  condition  of  the  fibre,  owing  to  its  extreme  thinness  and 
delicacy.  It  may  often,  however,  be  distinguished  at  certain  points 
where  the  nervous  fibre  is  accidentally  compressed  or  indented,  as  at  c, 
Fig.  134;  or  it  may  be  brought  into  view  for  considerable  distances 
according  to  the  method  of  Kolliker,  by  treating  the  fibres  with  a cold 


Nerve  Fibres  from  the  Sciatio  Nerve. — At 
a,  the  torn  extremity  of  a nerve  fibre  with  the  axis 
cylinder  (6)  protruding  from  it.  At  c,  the  medul- 
lary layer  is  nearly  separated  by  accidental  com- 
pression, but  the  axis  cylinder  passes  across  the 
injured  portion.  The  outline  of  the  tubular  mem- 
brane is  also  seen  at  c on  the  outside  of  the  remain- 
ing portions  of  the  fibre. 
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solution  of  sodium  hydrate,  and  afterward  boiling  them  for  an  instant 
in  the  same  fluid.  This  extracts  the  greater  part  of  their  contents,  and 
leaves  the  tubular  sheath  in  the  form  of  an  empty  cylindrical  canal.  In 
its  general  chemical  relations,  the  tubular  sheath  is  similar  to  the  sar- 
colemma  of  muscular  fibre,  its  principal  physical  properties  being  its 
cohesion  and  elasticity.  Its  physiological  function  is  undoubtedly  that 
of  a protecting  envelope,  by  Avhich  the  internal  portions  are  maintained 
in  place  and  preserved  from  mechanical  injury. 

The  Medullary  Layer. — Immediately  within  the  tubular  sheath  is  a 
layer  of  transparent,  highly  refractive,  nearly  fluid  material,  of  oleagi- 
nous consistency,  termed  the  medullary  layer,  or  medulla,  which  gives 
to  the  nerve  fibres,  and  the  tracts  composed  of  them,  a white  and 
shining  aspect.  This  substance  is  readily  altered  by  a diminution  of 
temperature,  or  by  the  contact  of  unnatural  fluids,  even  by  exposure  to 
the  air  or  the  imbibition  of  water,  or  by  the  ordinary  manipulations 
required  in  preparing  it  for  microscopic  examination.  Under  these  in- 
fluences it  undergoes  a sort  of  coagulation,  being  increased  in  density 
and  in  refractive  power,  so  that  both  its  external  and  internal  limits  are 
indicated  by  a dark  and  strongly  marked  outline.  This  gives  to  the 
nerve  fibre  the  very  characteristic  appearance  of  a cylinder  with  a 
double  contour,  presenting  two  distinct  parallel  outlines  at  each  edge; 
an  appearance  by  which  it  may  be  easily  distinguished  from  any  other 
anatomical  element.  As  the  coagulation  of  the  medullary  layer  goes 
on,  its  outlines  become  more  or  less  irregular,  and  after  a certain  time 
it  involves  the  whole  of  the  fibre  in  a more  or  less  confused  mass  of 
irregularly  refracting  substance.  The  fibres  containing  a medullary 
layer,  and  exhibiting  the  characteristic  double  contour  due  to  its  pre- 
sence, are  called  “ medullated  nerve  fibres.” 

In  the  smaller  variety  of  nerve  fibres  from  the  substance  of  the  brain 


Nerve  Fibres,  from  the  white  substance  of  contour  due  to  a Superficial 


Fig.  135. 


and  spinal  cord,  the  external 
tubular  sheath  is  wanting,  or 
at  least  cannot  be  demon- 
strated ; and  such  fibres,  owing 
to  their  want  of  support  and 
their  soft  consistency,  are  read- 
ily distorted  by  accidental  pres- 
sure, or  by  the  contact  of  rea- 
gents. They  become  swollen 
or  varicose  at  many  points; 
and  the  medullary  substance 
is  forced  out  or  exudes  from 
their  torn  extremities  in  irre- 
gularly globular,  fusiform,  or 
filamentous  masses,  which  show 
on  their  exterior  the  double 
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portions,  which  are  everywhere  visible  in  ordinary  microscopic  prepa- 
rations of  the  brain  substance,  are  termed  “ myeline  drops,”  and  owe 
their  peculiar  appearance  to  the  nature  of  the  ingredients  which  form 
the  medullary  layer  of  the  nerve  fibre.  The  medullary  layer  is  com- 
posed of  a substance  termed  myeline , which  is  not,  however,  a distinct 
proximate  principle,  but  is  itself  a mixture  of  various  different  mate- 
rials. It  consists  mainly  of  cerebrine,  a nitrogenous  matter  found  only 
in  the  nervous  centres,  together  with  a large  proportion  of  cholesterine 
and  fat.  There  is  also  a certain  proportion  of  lecithine,  a nitrogenous 
and  phosphorized  matter,  which  is  also  found  in  the  gray  substance. 
The  mixture  of  these  ingredients  gives  to  the  myeline  its  peculiar  con- 
sistency and  reaction. 

In  regard  to  its  physiological  function,  the  medullary  layer  of  the 
nerve  fibre  is  generally  considered  as  an  isolating  substance,  like  the 
gutta-percha  envelope  of  a submarine  telegraph  wire,  so  arranged  as  to 
confine  the  transmission  of  nerve  force  within  proper  limits,  and  prevent 
its  diffusion  to  neighboring  parts.  We  have  no  absolute  proof  that 
such  is  its  true  character,  but  there  are  some  facts  which  lend  a certain 
probability  to  this  view.  The  medullary  layer  exists  throughout  the 
main  portion  of  a large  majority  of  the  nerve  fibres,  where  they  trans- 
port the  nervous  stimulus  uninterruptedly  from  one  point  to  another ; 
but  they  are  destitute  of  it  both  at  their  origins  and  terminations, 
where  they  come  in  contact  with  the  elements  of  the  gray  matter,  or  are 
connected  with  the  peripheral  organs  of  sensation  and  motion.  What- 
ever may  be  its  exact  function,  therefore,  the  medulla  evidently  plays  a 
secondary,  and  not  a principal  part,  in  the  physiological  action  of  the 
nerve  fibre. 

The  Axis  Cylinder. — The  central  part  of  the  nerve  fibre  consists  of  a 
pale,  homogeneous,  or  finely  granular  cord,  of  a cylindrical  or  slightly 
flattened  form,  occupying  the  position  of  the  longitudinal  axis  of  the 
fibre.  From  these  characters  it  has  received  the  name  of  the  “ axis 
cylinder.”  It  differs  from  the  medullary  layer,  by  which  it  is  enveloped, 
in  consistency;  for  while  the  latter  is  nearly  fluid  in  its  natural  condi- 
tion, the  axis  cylinder  is  solid,  and,  though  very  delicate,  possesses  a 
certain  degree  of  elasticity.  By  some  observers  (Schultze,  Gerlach)  the 
axis  cylinder  is  regarded  as  composed  of  many  excessively  minute  fibril- 
las,  united  into  a uniform  bundle;  by  others  of  equal  authority  (Kol- 
liker)  the  indications  of  such  a fibrillated  constitution  of  this  part  of  the 
nerve  fibre  are  considered  as  uncertain. 

The  axis  cylinder  is  composed  of  an  albuminous  substance  which  is 
insoluble  in  water,  alcohol,  and  ether ; becomes  pale  and  swollen  by  the 
action  of  concentrated  acetic  acid ; and  is  readily  dissolved  by  a boiling 
solution  of  sodium  hydrate.  It  is  stained  red  by  treatment  with  a solu- 
tion of  carmine,  while  the  enveloping  medullary  layer  remains  un- 
colored; and  by  this  means  a visible  distinction  may  be  made  between 
the  two.  The  application  of  a solution  of  gold  chloride,  and  subsequent 
exposure  to  light,  stains  the  axis  cylinder  of  a dark  purple,  nearly 
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black  color;  and  by  this  mode  of  preparation  nervous  fibres  of  extreme 
delicacy  have  been  traced  among  surrounding  tissues,  where  they  would 
otherwise  escape  observation. 

In  its  physiological  properties,  the  axis  cylinder  is  undoubtedly  the 
most  essential  element  of  the  nerve  fibre,  since  it  is  the  only  one  univer- 
sally present,  and  always  extending  throughout  the  whole  length  of  a 
fibre  from  its  origin  to  its  termination.  Its  albuminous  nature  also 
distinguishes  it  from  other  parts  of  the  nerve  fibre,  and  indicates  the 
relative  importance  of  its  function.  It  is  probably  through  the  axis 
cylinder  that  the  passage  of  the  nerve  current  takes  place,  and  in  its 
substance  that  the  principal  changes  accompanying  this  action  are 
effected. 

Non-Medullated  Nerve  Fibres. — Beside  the  nerve  fibres  constituted, 
as  above,  by  an  axis  cylinder,  surrounded  by  a medullary  layer,  with  or 
without  an  external  tubular  membrane,  there  are  others  which  consist 
of  the  axis  cylinder  destitute  of  any  medullary  layer,  and  which  conse- 
quently do  not  exhibit  the  appearance  of  a double  contour.  These  are 
called  “ non-medullated  nerve  fibres.”  They  are  found,  in  man,  only  iu 
certain  parts  of  the  sympathetic  nerves,  in  the  terminal  nervous  expan- 
sions of  the  muscles  and  organs  of  sense,  and  in  the  nervous  centres  in 
the  immediate  vicinity  of  the  cells  of  the  gray  substance.  In  the  sym- 
pathetic nerves,  they  are,  for  the  most  part,  mingled  with  a considerable 
proportion  of  medullated  fibres,  though  some  of  the  sympathetic  branches 
distributed  to  the  intestine  and  the  spleen,  according  to  Schultze,  are 
composed  of  non-medullated  fibres  exclusively.  The  branches  of  the 
olfactory  nerve,  distributed  to  the  nasal  mucous  membrane,  also  consist 
altogether  of  fibres  of  this  kind.  Such  nervous  branches  have  not  the 
white,  opaque  aspect  belonging  to  other  nerves,  but  are  grayish-looking 
and  semi-transparent  in  appearance;  a peculiarity  which  is  evidently  due 
to  the  absence  of  the  myeline  or  medullary  layer. 

The  same  nerve  fibre  may  be  medullated  for  the  greater  part  of  its 
course,  and  become  destitute  of  medulla  at  its  termination,  as  is  the  rule 
with  the  cerebro-spinal  nerves  generally ; or  fibres  may  originate  in  the 
gray  substance  as  non-medullated  axis  cylinders,  and  become  invested, 
after  a short  distance,  with  a distinct  medullary  layer.  The  non-medul- 
lated nerve  fibres  are  not,  therefore,  regarded  as  essentially  different 
from  the  others,  but  only  as  presenting  a less  complicated  form  of  struc- 
ture. 

Course  and  Mutual  Relation  of  the  Nerve  Fibres.— In  the  white  sub- 
stance of  the  brain  and  spinal  cord,  the  nerve-fibres  form  continuous 
tracts,  of  larger  or  smaller  size,  lying  in  contact  with  each  other,  and 
not  mingled  with  any  considerable  proportion  of  other  tissue.  But  on 
passing  out  of  the  bony  cavities  toward  the  exterior,  they  become  col- 
lected into  small  bundles,  each  of  which  is  invested  with  a thin  pro- 
longation of  connective  tissue,  derived  from  tbe  dura  mater  and 
periosteum;  these  bundles  are  associated  into  larger  ones  which  are 
held  together  by  a denser  layer  of  the  same  connective  tissue ; and 
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finally  the  whole  are  united  into  a single  compound  mass  by  its  exterior 
investment,  which  is  known  as  the  “ neurilemma.”  Such  a complete 
bundle  is  called  a nerve , and  the  nerve  fibres  of  which  it  is  composed 
are  usually  all  distributed,  after  a longer  or  shorter  transit,  to  associated 
organs,  or  to  adjacent  regions  of  the  body. 

The  nerve  fibres  themselves  are  not  known  to  divide,  branch,  or  inoscu- 
late with  each  other  in  any  part  of  their  course  through  the  main  trunks 
and  branches  of  the  nerves.  So  far  as  observation  goes,  each  nerve 
fibre  is  continuous  and  independent,  from  its  origin  in  the  nervous 
centres  to  within  a microscopic  distance  of  its  peripheral  termination. 
When  a nerve  therefore  divides  during  its  course  into  several  branches, 
or  when  the  branches  of  adjacent  nerves  inosculate  with  each  other 
to  form  a plexus,  like  the  cervical,  brachial,  or  lumbar  plexuses,  this  is 
only  because  certain  ultimate  nerve  fibres,  or  bundles  of  fibres,  leave 
those  with  which  they  were  previously  associated,  and  pursue  a different 

Fig.  13£.  Fig.  137. 


Division  os  a Nekvous  Bbascu  Inosculation  of  Neuves. 

(a),  Into  Its  ultimate  flbres,  b,  c,  d,  e. 

direction.  A nerve  which  originates,  for  example,  from  the  spinal  cord 
and  runs  down  the  upper  extremity,  to  be  finally  distribirted  to  the  in- 
tegument and  muscles  of  the  hand,  contains  at  its  point  of  origin  all  the 
filaments  into  which  it  is  afterward  divided,  and  which  are  merely  sepa- 
rated at  successive  points  from  the  main  bundle.  In  case  of  the  inoscu- 
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lation  of  two  nerves,  the  communication  between  them  is  effected  by 
some  of  the  fibres  belonging  to  the  first  passing  over  from  it  to  join  the 
second,  while  some  of  those  belonging  to  the  second  may  also  cross  and 
join  the  first ; the  individual  fibres  in  each  instance  remaining  distinct, 
and  retaining  their  identitj^  throughout.  In  whatever  way,  therefore, 
the  nerve  fibres  are  associated  in  the  various  trunks  and  branches  of 
the  nerves,  they  may  still  act  independently  and  preserve  their  specific 
functions  in  every  part  of  their  course. 

Peripheral  Termination  of  the  Nerve  Fibres. — Near  the  termination 
of  the  nerve  fibres  in  the  tissues  to  which  they  are  distributed,  they 
present  certain  important  modifications  both  in  structure  and  arrange- 
ment. 

First,  the  smaller  nervous  branches,  or  bundles  of  nerve  fibres,  after 
penetrating  the  substance  of  the  tissues,  suddenly  divide  and  subdivide 
with  unusual  rapidity ; and  these  subdivisions,  uniting  with  each  other 
by  inosculation,  form  abundant  plexuses , from  which  are  given  off  the 
individual  fibres  supplying  the  anatomical  elements  of  the  tissues.  In 
the  skin  there  are  two  such  nervous  plexuses,  a deeper  and  a more 
superficial,  of  which  the  latter  is  the  more  closely  set  and  composed  of 
more  slender  bundles,  containing  only  one  or  two  fibres  each.  As  a 
general  rule,  also,  in  other  tissues,  the  last  or  terminal  plexus  is  the 
finest,  and  incloses  between  its  meshes  the  narrowest  interspaces.  The 
nerve  fibres,  on  reaching  the  situation  of  the  terminal  plexus,  are  also 
considerably  reduced  in  size,  being  diminished  both  in  the  skin  and  the 
muscles  from' 10  or  15  mmm.  to  4 or  5 mmm.  in  diameter.  According 
to  Kolliker  it  is  sometimes  possible  to  observe  this  diminution  in  the 
size  of  a single  nerve  fibre  in  diflerent  parts  of  its  course  thiough  the 
muscular  tissue. 

Secondly,  both  in  the  terminal  plexus  and  the  branches  given  off  from 
them,  the  nerve  fibres  themselves  undergo  division;  so  that  a single 
fibre  in  this  situation  may  give  rise  to  two  or  more  branches,  each  bianch 
retaining  all  the  original  anatomical  characters  of  a nerve  fibre.  Theie 
is  usually  a marked  constriction  at  the  point  where  the  neive  fibre 
divides  ; but  this  is  followed  by  a corresponding  enlargement,  so  that 
the  secondary  fibres  soon  become  nearly  or  quite  equal  in  diameter  to 
that  from  which  they  were  derived.  A nerve  fibre  may  accordingly  pass 
undivided,  so  far  as  we  know,  throughout  its  course  in  the  roots,  trunks, 
and  principal  branches  and  ramifications  of  the  nerve,  and  may  then, 
shortly  before  its  termination,  break  up  into  a number  of  separate  but 
closely  adjacent  secondary  fibres.  It  has  been  estimated  by  Reichert, 
that,  in  the  subcutaneous  muscle  of  the  frog,  ten  primitive  nerve  fibres 
may  °ive  rise  by  their  division,  to  about  800  terminal  extremities. 

Thirdly,  the  nerve  fibre,  when  near  its  peripheral  termination,  e- 
comes  altered  in  structure.  This  alteration  consists  in  a disappearance 
of  the  medullary  layer,  by  which  the  fibre  loses  its  double  contour;  and 
by  a similar  disappearance  or  a separation  of  the  tubular  sheath.  »e 
nerve  fibre,  thus  altered,  is  reduced,  in  its  constituent  parts,  to  the  axis 
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Division  op  Nerve  Fibres,  in  a small  branch  from  the  subcutaneous  muscle  of  a 

frog.  (Kolliker.) 

axis  cylinder.  Lastly  the  nerve  fibre,  at  the  point  of  its  final  termina- 
tion, is  frequently  brought  into  relation  with  cell-like  bodies,  which  are 
sometimes  regarded  as  analogous  in  character  to  the  nerve  cells  of  the 
gray  substance  in  the  nervous  centres. 

The  ultimate  termination  of  the  nerve  fibres  in  the  skin  has  been  most 
distinctly  seen  in  the  so-called  “ Pacinian  bodies”  and  the  “tactile  cor- 
puscles.” The  Pacinian  bodies  are  ovoid-shaped  masses  from  1 to  4.5 
millimetres  in  length,  found  in  the  subcutaneous  connective  tissue  of  the 
hands  and  feet,  and  various  other  parts  of  the  body,  consisting  of  a 
series  of  concentric  laminae  of  connective  tissue,  with  a central  cavity, 
inclosing  a transparent,  colorless,  fluid  or  semifluid  material.  A single 
ultimate  nerve  fibre  penetrates  the  Pacinian  body  at  one  extremity,  and 
passes  into  its  central  cavity.  At  the  point  of  entrance,  the  external 
tubular  sheath  leaves  the  nerve  fibre  and  becomes  continuous  with  the 
connective  tissue  laminae  of  the  Pacinian  body.  The  medullary  layer 
also  disappears,  and  the  nerve  fibre,  thus  reduced  to  its  axis  cylinder, 
runs  longitudinally  through  the  greater  part  of  the  central  cavity  and 
terminates,  toward  its  farther  end,  in  either  one  or  several  slightly 
rounded  extremities.  The  “tactile  corpuscles,”  found  in  the  sensitive 
papillae  of  the  skin  of  the  hands  and  feet,  are  similar  in  form  to  the 
Pacinian  bodies,  but  of  much  smaller  size;  having  an  average  length, 


cylinder  alone ; that  is,  all  the  secondary  elements  of  its  structure  are 
lost,  and  there  remains  only  the  essential  conducting  filament  of  the 


Fig.  138. 
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in  man,  of  about  100  mm  They  consist  each  of  a central,  trans- 
parent, gelatinous  mass,  surrounded  by  an  envelope  of  connective 
tissue,  which  is  marked  by  many  tranverse  elongated  nuclei.  Each 
corpuscle  receives  one  or  two  nerve  fibres  which  run  upward,  in  either 
a straight  or  spiral  course,  and,  after  losing  their  medullary  layer,  in 
some  instances  reach  the  central  gelatinous  nucleus,  though  for  the 
most  part  their  terminations  are  not  distinctly  visible. 

The  simplest  form  of  tactile  corpuscle  is  that  known  as  the  “terminal 
bulbs”  of  the  sensitive  nerves,  in  the  conjunctiva,  the  lips,  the  papillae 
of  the  tongue,  and  the  soft  palate.  They  are  round  or  elongated  ovoid 
bodies,  consisting  of  a closed  sac  of  connective  tissue,  sometimes  marked 
with  transverse  nuclei,  and  containing  a homogeneous  or  finely  granular 
substance.  Into  this  body  is  received  the  ultimate  branch  of  a nerve 


fibre,  which  is  reduced  to  its  axis  cylinder  and  terminates  in  tlm  inte- 
rior by  a free  extremit}'.  In  some  regions,  as,  for  example,  the  lips  in 
the  human  subject,  and  the  tongue  in  birds,  are  to  be  seen  structures 
which  are  intermediate  in  form  between  the  terminal  bulbs  and  the 
tactile  corpuscles. 

In  the  muscles,  as  a rule,  each  muscular  fibre  has,  connected  with  it, 
at  least  one  nerve  fibre,  and  sometimes  more  than  one.  The  ultimate 


Fig.  139. 


Fig.  140. 


Tactile  Corpuscles,  from  the  edge  of  the 
tongue  of  the  sparrow.— 1,  2.  2.  Medullated  nerve 
fibres  supplying  four  tactile  corpuscles.  One 
fibre  divides  into  two  branches;  and  one  of  them 
is  traced  to  near  the  extremity  of  the  correspond- 
ing corpuscle,  where  it  ends  in  a cell-like  expan- 
sion. Glider.) 


Terminal  Bulr  of  a sensi- 
tive nerve;  from  the  conjunctiva 
of  the  calf.  (Frey.) 
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nerve  fibre,  given  off  as  a branch  from  the  terminal 
plexus,  approaches  the  muscular  fibre,  usually  at 
a right  angle,  and  penetrates  its  exterior ; the 
tubular  sheath  of  the  nerve  fibre  becoming  con- 
tinuous with  the  sarcolemma.  At  the  same  time 
its  medullary  layer  ceases  abruptly,  and  the  axis 
cylinder  spreads  out  into  a thin  oval  expansion 
of  granular  matter  interspersed  with  nuclei,  called 
the  “ terminal  plate,”  and  lying  in  immediate  con- 
tact with  the  contractile  substance  of  the  muscular 
fibre.  Some  variations  in  the  form  and  disposi- 
tion of  the  axis  cylinder  in  the  terminal  plate  are 
to  be  seen  in  the  muscles  of  amphibia ; but  the 
above  represents  its  essential  characters  in  the  muscles  of  birds  and 
mammalians. 

Physiological  Properties  of  the  Nerve  Fibres. — The  nerve  fibres  are 
organs  of  communication.  They  serve  as  connecting  filaments  between 
the  nervous  centres  on  the  one  hand  and  the  peripheral  organs  of  sensa- 
tion and  motion  on  the  other.  For  this  purpose  the}'  are  endowed  with 
a power  of  irritability  by  which,  when  excited  at  one  or  the  other 
extremity,  they  transmit  the  nervous  impulse  throughout  their  entire 
length,  and  produce  a corresponding  effect  at  their  opposite  termination. 
Thus  the  nerve  fibres  distributed  to  the  skin,  when  excited  at  their 
peripheral  extremities,  produce  in  the  brain  a sensation  corresponding 
to  the  external  impression.  On  the  other  hand,  those  which  are  distri- 
buted to  the  muscles,  when  excited  at  their  origin  by  the  impulse  of  the 
will,  produce  a contraction  in  the  muscular  fibres  at  their  periphery. 
This  physiological  action  produces  no  visible  change  in  the  nerve  fibre 
itself.  Its  effects  are  manifest  only  at  the  extremities  of  the  nerve,  in 
the  organs  where  it  terminates.  Nevertheless,  it  is  evident  that  the 
nerve  fibre  serves  to  communicate  in  some  way  an  action  from  one  of 
its  extremities  to  the  other ; since,  if  it  be  divided  in  any  part  of  its 
course,  the  communication  at  once  ceases,  and  sensation  can  no  longer 
be  perceived  from  impressions  made  upon  the  skin,  nor  voluntary  con- 
traction excited  in  the  muscles. 

Owing  to  the  different  effects  thus  produced,  at  their  central  and  peri- 
pheral extremities,  the  nerve  fibres  and  the  nerves  composed  of  them 
have  been  distinguished  by  different  names.  Those  which  transmit  the 
stimulus  of  sensation,  from  the  periphery  to  the  nervous  centres,  are 
called  sensitive  nerves  or  nerve  fibres  ; those  which  transmit  the  stimulus 
of  motion,  from  the  nervous  centre  outward  to  the  muscles,  are  called 
•motor  nerves  or  nerve  fibres.  As  a general  rule,  both  sensitive  and 
motor  nerve  fibres  are  associated  together  in  the  same  nervous  bundle, 
and  separate  from  each  other  only  when  near  their  final  distribution  in 
the  skin  or  mucous  membranes  on  the  one  hand,  and  in  the  muscles  on 
the  other.  But  in  some  situations,  near  the  origin  of  the  nerves  as  well 
as  near  their  termination,  the  sensitive  and  motor  fibres  run  in  distinct 
27 


Fig.  141. 


Termination  op  a 
Nerve  Fibre  in  mus- 
cular fibre,  from  the  fowl. 
(Rouget.) 
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bundles ; as  for  example  in  the  sensitive  ancl  motor  roots  of  the  fifth 
pair  of  cranial  nerves,  and  in  the  anterior  and  posterior  roots  ol  the 
spinal  nerves  generally.  The  fibres  belonging  to  the  lacial  nerve  are 
all  motor  fibres,  making  this  exclusively  a motor  nerve,  the  three 
branches  of  the  fifth  pair,  on  the  other  hand,  which  are  distributed  to 
the  integument  and  mucous  membranes  of  the  face,  are  composed  exclu- 
sively of  sensitive  fibres  ; while  the  branch  of  the  same  nerve  distributed 
to  the  muscles  of  mastication  is  made  up  principally  or  entirely  of  motoi 

fibres. 

No  essential  distinction  has  been  discovered  in  the  anatomical  char- 
acters of  sensitive  and  motor  nerve  fibres.  In  nerves  and  nervous 
branches  which  perform  a motor  function,  the  nerve  fibres,  as  a rule,  are 
of  comparatively  large  size,  averaging  15  mmm.  in  diameter ; while  in 
those  performing  a sensitive  function  they  are  smaller,  averaging  not 
more  than  10  mmm.  in  diameter,  and  many  of  them  being  considerably 
less.  But  this  difference  is  only  one  of  proportion  in  numbers  between 
the  larger  and  smaller  fibres  ; since  both  large  and  small  fibres  are  found 
in  both  motor  and  sensitive  nerves.  Even  in  the  motor  nerves,  the 
large  fibres  become  reduced  to  the  size  of  the  smaller  ones  before  their 
termination  in  the  muscular  tissue;  and  the  nerve  fibres  generally  are 
diminished  or  increased  in  diameter  on  passing  into  or  out  of  the  gray 
substance  of  the  nervous  centres.  No  absolute  distinction  therefore  can 
be  made  between  sensitive  and  motor  nerve  fibres  as  regards  their  size ; 
and  in  regard  to  the  essential  details  of  their  structure,  namely,  the 
tubular  sheath,  the  medullary  layer,  and  the  cylinder  axis,  they  are  to 

all  appearance  completely  identical.  „ 

Effect  of  Division  upon  the  Nerve  Fibres— The  immediate  effect  of 
dividing  or  seriously  injuring  the  nerve  fibres  is  a suspension  of  their 
nhvsioloo-ical  function.  The  physical  communication  being  cut  off  be- 
tween their  extremities,  the  sensitive  fibres  can  no  longer  transmit  an 
impression  from  the  skin  to  the  nervous  centre,  and  the  motoi  fibres 
can  no  longer  convey  the  stimulus  of  voluntary  motion  from  the  nervous 
centre  to  the  muscles.  In  addition  to  this  result,  when  the  divided 
nerve  fibre  is  permanently  separated  from  its  central  connections,  there 
also  follows  a change  in  its  texture,  which  is  propagated  mainly  in 
one  direction,  and  which  consists  in  an  atrophy  or  degeneration  of 
the  nervous'  substance.  The  most  distinct  effects  of  this  degeneration 
of  a divided  nerve  fibre  are  to  be  seen  in  its  medullary  layer.  According 
to  the  observations  of  Vulpian  and  Philippeaux,  the  alteration  in  stnic- 
ture,  which  takes  place  from  the  point  of  division  toward  the  periphery, 

begins  to  be  perceptible  in  mammalians,  by  microscopic  examination,  at 
the  end  of  five  days.  The  transparency  of  the  fibre  is  first  dimmid  , 
its  contents  having  a more  or  less  cloudy  appearance.  At  the  end  of 
eight  or  ten  days,  the  double  contour  of  the  fibre  has  become  irregular 
and  at  various  points  partially  or  completely  interrupted ; and  the * sub- 
“ance  of  the  medullary  layer  is  broken  up  into  separate  masses  of 
varying  size,  presenting  the  appearance  of  a coagulation  and  dislocation. 
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As  the  process  goes  on,  the  continuity  of  the  medullary  layer  is  entiiely 
destroyed,  and  this  substance  is  reduced  to  the  condition  of  isolated 
oily -looking  drops,  scattered  through  the  interior  of  the  tubular  sheath, 
which  become  gradually  transformed  into  a diffused  mixture  of  minute 
granules.  Finally,  the  granules  themselves  disappear,  and  the  tubular 
sheath,  partially  emptied  by  the  atrophy  of  the  medullary  layer,  becomes 
collapsed  and  wrinkled.  The  nerve  which  has  suffered  these  changes 
has  lost  its  white  glistening  color,  and  has  assumed  a grayish  hue.  1 he 
axis  cylinder  either  does  not  participate  in  the  above  alterations,  or  its 
changes  are  not  so  manifest  to  the  eye ; since,  according  to  some  ob- 
servers, it  remains  visible  after  the  medullary  layer  has  disappeared. 

According  to  various  observers  (Waller,  Krause,  Yulpian),  the  de- 
generation of  divided  nerve  fibres,  both  in  the  sensitive  and  motor 
nerves,  may  be  propagated  throughout  their  peripheral  extremities, 
extending  even  to  the  sensitive  papillae  of  the  tongue  and  the  tactile 
corpuscles  of  the  skin.  Yulpian1  has  found  that  in  dogs,  six  weeks 
after  the  division  of  the  sciatic  nerve,  no  nerve  fibres  could  be  dis- 
covered in  the  muscles  of  the  foot  which  had  not  undergone  the  same 
alteration. 

The  rapidity  with  which  degeneration  takes  place  in  the  fibres  of  a 
divided  nerve  varies  with  the  species  and  age  of  the  animal  to  which  it 
belongs.  The  change  is  less  rapid  in  the  cold-blooded,  more  so  in  the 
warm-blooded  animals.  In  those  of  the  same  species,  it  goes  on  more 
quickly  in  the  young,  more  slowly  in  animals  which  are  fully  grown. 
According  to  Yulpian,  in  young  dogs,  as  a general  rule,  the  disappear- 
ance of  the  medullary  layer  is  complete  at  the  end  of  six  weeks  or  two 
months  from  the  date  of  the  injury. 

The  degeneration  of  the  peripheral  portions  of  divided  nerves  has 
often  been  utilized  in  order  to  determine  the  source  of  particular  bun- 
dles of  nerve  fibres.  If  a nerve,  for  example,  receives  roots  or  commu- 
nicating branches  from  two  different  sources,  and  afterward  supplies 
by  its  ramifications  several  organs,  it  may  be  ascertained  whether  the 
fibres  coming  from  one  source  are  or  are  not  distributed  to  a particular 
organ.  For  this  purpose  the  root  or  communicating  branch  in  question 
is  divided;  and  when  the  subsequent  process  of  degeneration  is  com- 
plete, the  atrophied  nerve  fibres  derived  from  this  source  may  be  fol- 
lowed by  microscopic  examination  throughout  their  course,  and  recog- 
nized in  the  organ  to  which  they  are  distributed. 

Union  and  Regeneration  of  divided  Nerves. — The  loss  of  function 
in  a divided  nerve  is  not  permanent ; but,  if  the  neighboring  parts  be 
healthy  and  no  other  injury  have  been  inflicted,  the  nerve  fibres  may 
reunite,  and  their  power  of  communication  be  restored.  When  the 
division  has  been  a simple  one,  the  two  exti’emities  of  the  divided  nerve 
remaining  in  contact  or  in  close  proximity  with  each  other,  their  union 
takes  place  with  comparative  readiness ; but  even  when  a considerable 
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portion  of  the  nerve  has  been  cut  out,  there  may  be  a reproduction  of 
the  lost  parts,  and  the  nerve  may  finally  regain  its  natural  continuity. 
The  fibres  of  new  formation,  thus  produced,  are  at  first  of  small  diameter 
and  of  grayish  aspect.  They  gradually  increase  in  size,  become  pro- 
vided with  a medullary  layer,  and  at  last  present  all  the  anatomical 
characters  of  the  healthy  nerve  fibre.  Schiff,  Vulpian,  and  Philippeaux 
have  found  that  it  is  possible  for  the  continuity  of  a nerve  to  be  re- 
established, after  the  excision  of  portions  of  its  trunk  equal  to  five  or 
even  six  centimetres  in  length.  According  to  Vulpian,  in  very  young 
animals,  a loss  of  nerve  substance  from  one  to  two  centimetres  in  length 
may  be  restored  at  the  end  of  six  weeks ; and  the  same  observer  has 
seen,  in  young  rats,  a portion  of  the  sciatic  nerve,  six  millimetres  long, 
reproduced  in  the  course  of  seventeen  days. 

At  the  same  time,  the  degenerated  portion  of  the  nerve,  situated 
beyond  the  point  of  its  division,  becomes  restored.  There  is  a reproduc- 
tion of  the  medullary  layer,  which  had  become  atrophied  by  the  de- 
generative process,  and  the  entire  nerve  again  exhibits  its  noimal 
anatomical  character.  The  time  required,  for  the  complete  regeneration 
of  the  peripheral  portion  of  a divided  nerve,  is  in  general  from  three  to 
twelve  months,  according  to  the  age  and  species  of  the  animal  upon 
which  the  experiment  is  performed. 

The  complete  regeneration  of  a divided  or  exsected  nerve  is  indicated 
by  the  restoration  of  its  normal  function.  If  it  be  a sensitive  neive,  the 
power  of  sensation,  which  was  at  first  lost,  returns  in  that  poition  of 
the  integument  to  which  its  fibres  are  distributed ; if  it  be  a rnotoi 
nerve,  the  power  of  voluntary  motion  is  regained  in  the  coiresponding 
muscles.  The  observations  of  Vulpian  have  shown  that,  after  the  ex- 
cision of  the  central  extremity  of  the  hypoglossal  nerve  in  dogs,  its 

peripheral  portion  may  become  capable  of  exciting  contraction  in  the 
1 . ...  , n . 4V*,-,**  wi/~vTvfVia  onrl  annnrrHno*  to 


muscles  of  the  tongue  at  the  end  of  four  months  -,1  and  according  to 
those  of  Schiff  upon  young  dogs  and  cats,  sensibility  may  reappear  in 
the  tongue  and  lip  in  fourteen  days  after  the  excision  of  portions  of  the 
lingual  and  infra-orbital  nerves,  from  two  to  two  and  a half  centimetres 

in  length.  . 

In  the  human  subject,  at  least  in  adult  life,  the  restoration  of  divided 

nerves  is  much  less  rapid  ; and,  according  to  L’EtkSvant’  and  Weir 
Mitchell,3  often  either  does  not  take  place  at  all,  when  the  injured  nerves 
otvi  /->f  si d prn.hl ft  size,  or  does  so  very  imperfectly. 
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covers  its  normal  sensibility.  Restoration  may  also  undoubtedly  take 
place  in  nerves  of  larger  size,  as  in  the  case  reported  by  L’Etidvant,1 
where  the  median  nerve  was  divided  in  a man  twenty-six  years  of  age, 
at  the  upper  third  of  the  arm.  The  power  of  motion  and  sensibility, 
dependent  on  the  fibres  of  this  nerve,  remained  abolished  for  ten 
months,  but  began  to  reappear  in  fourteen  months,  and  were  almost 
completely  restored  at  the  end  of  a year  and  a half. 

Nerve  Cells. 

The  nerve  cells,  which  form  the  characteristic  anatomical  element  of 
the  gray  substance,  are  rounded  or  irregularly  shaped  bodies,  consisting 
of  a soft,  semi-transparent,  finely  granular,  albuminous  matter,  and  con- 
taining a rather  large,  distinctly  marked  nucleus  and  nucleolus.  Some- 
times they  also  contain  a certain  quantity  of  brown,  yellowish,  or 
blackish  pigment  grains,  which  are  especially  abundant  in  the  imme- 
diate neighborhood  of  the  nucleus.  The  nerve  cells  vary  in  size  in  dif- 
ferent parts  of  the  gray  substance.  The  smaller  ones,  from  10  to  20 
mmm.  in  diameter,  are  found  in  the  ganglia  of  the  sympathetic  system, 
the  convolutions  of  the  cerebral  hemispheres,  and  in  the  posterior  horns 
of  gray  matter  in  the  spinal  cord.  The  larger,  averaging  from  40  to  60 
mmm.,  are  in  the  convolutions  of  the  cerebellum,  and  in  the  medulla 
oblongata ; the  largest  of  all,  as  a general  rule,  being  met  with  in  the 
anterior  horns  of  gray  mat- 
ter of  the  spinal  cord,  where 
they  reach  the  diameter  of 
130  or  135  mmm.,  or  seven- 
teen times  the  size  of  the  red 
globules  of  the  blood. 

The  most  marked  anato- 
mical features  of  the  nerve 
cells  are  their  prolonga- 
tions. These  are  narrow 
processes  or  extensions  of 
the  cell  substance,  and  con- 
sisting apparently  of  the 
same  material.  In  the  gan- 
glia of  the  sympathetic  sys- 
tem, and  in  those  situated 
upon  the  roots  of  the  spinal 
and  cranial  nerves  in  man, 
the  nerve  cells  have  for  the 
most  part  a rounded  form, 
and  only  one  or  two  pro- 
longations. Throughout  the 
gray  substance  of  the  brain 


Fig.  142. 


Nerve  Oeels  from  the  gray  substance  of  the 
medulla  oblongata.  (Dean.) 


1 Traitts  dcs  Sections  Nerveuses,  p.  54. 
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and  spinal  cord,  on  the  contrary,  they  present  three,  four,  five,  or  even 
eight  prolongations,  running  in  different  directions  and  giving  to  the 
cell  a peculiar  radiated  appearance.  The  prolongations  after  a certain 
distance  become  branched,  the  branches  thus  formed  again  dividing 
and  subdividing,  growing  at  the  same  time  smaller  in  size,  until  they 
terminate  in  a more  or  less  abundant  tuft  or  ramification  of  exceedingly 
slender  filaments.  According  to  Gerlach,  the  terminal  fibres  of  this 
ramification  constitute  a plexus  of  fine  nervous  threads,  penetrating 
the  interstitial  substance  of  the  gray  matter.  It  is  not,  however,  known 
with  certainty  whether  these  fibres  terminate  by  free  extremities,  or 
whether  they  form  a network  of  communication  between  different  nerve 
cells. 

Connection  between  the  Nerve  Cells  and  Nerve  Fibres.— In  all  cases 
the  nerve  fibres  are  connected,  at  their  central  origin,  with  masses  of 
gray  substance,  into  which  they  penetrate  and  in  which  they  are  inti- 
mately mingled  with  the  nerve  cells.  In  some  instances,  a diiect  con- 
tinuity can  be  seen  between  the  nerve  fibres  and  certain  prolongations 
of  the  nerve  cells  j in  others,  such  a direct  anatomical  connection  is  only 
rendered  more  or  less  probable  by  the  similarity  in  direction  between 
the  nerve  fibres  and  the  processes  of  the  nerve  cells,  and  b}-  their  resem- 


blance in  physical  constitution. 

In  the  ganglia  of  the  sympathetic  system  and  in  those  of  the  roots  of 
the  spinal  and  cranial  nerves,  the  nerve  cells  of  a rounded  form  give 
off,  as  a rule,  in  man  and  the  mammalians,  only  a single,  pale,  undivided 
process,  which  at  first  presents  the  appearance  of  an  axis  cylinder  of 
small  diameter,  but  which  subsequently  increases  in  size  and  becomes 
provided  with  a medullary  layer,  assuming  at  the  same  time  the  distinct 
double  contour,  characteristic  of  a fully  formed  nerve  fibre.  T.  hese  cells, 
sending  out  a single  nerve  process  in  one  direction,  are  called  “ unipolai 
nerve  cells.  In  the  ganglia  of  the  spinal  nerve  roots,  and  in  the  Gasse- 
rian ganglion  of  fishes,  nerve  cells  are  found  which  send  off  two  such 
processes  in  opposite  directions  ; the  medullary  layer  of  the  nerve  fibie 
ceasing  on  each  side  just  before  its  union  with  the  body  of  the  cell. 
Such  cells,  with  two  opposite  nerve  processes,  are  called  “bipolar”  nerve 
cells.  These  connections  have  been  recognized  by  all  observeis,  and 

there  is  no  doubt  as  to  their  existence. 

In  the  gray  substance  of  the  brain  and  spinal  cord,  the  nerve  cells,  as 
above  described,  are  “ multipolar,”  or  send  out  a number  of  prolonga- 
tions, in  different  directions,  which  divide  and  ramify  without  making 
any  certain  anatomical  connection  with  other  parts.  Beside  these 
branching  prolongations,  however,  according  to  the  observations  of 
Deiters,  confirmed  by  Schultze,  Gerlach,  and  Kolliker,  the  multipolar 
nerve  cell  also  sends  out  a single  prolongation  which  is  .different  from 
the  others,  in  that  it  does  not  branch  but  continues  on  its  course  for  a 
considerable  distance,  presenting  the  usual  physical  aspect  of  a naked 
axis  cylinder.  This  simple  unbranched  process  is  called  the  axis 
cylinder  process,”  to  distinguish  it  from  the  remaining  ramified  pro- 
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longations.  Cells  of  this  description,  provided  both  with  ramified  pro- 
longations and  with  a single  unbranched  axis  cylinder  process,  are 
found  abundantly  in  the  spinal  cord,  the  medulla  oblongata,  the  cerebel- 
lum, the  corpora  striata,  and  the  optic  thalami.  The  axis  cylinder  pro- 
cess, in  the  spinal  cord,  passes  into  the  bundles  of  medullated  nerve 
fibres  forming  the  roots  of  the  nerves  and  the  columns  of  the  cord;  and 
in  the  convolutions  of  the  cerebellum  and  the  cerebral  ganglia,  the  nerve 
fibres  which  penetrate  the  gray  substance  lose  their  medullary  layer 
and  become  reduced  to  the  condition  of  a naked  axis  cylinder,  similar  in 
appearance  to  the  prolongations  of  the  nerve  cells.  For  these  reasons 
it  is  considered  probable  that  the  nerve  fibres  are  connected  by  con- 
tinuity of  substance  with  the  axis  cylinder  process  of  the  nerve  cells. 
But,  according  to  the  most  careful  observers,1  this  connection  is  more  or 
less  hypothetical,  and  is  not  positively  shown  by  direct  observation.  It 
is  evident  that  there  is  a physiological  communication  between  the  nerve 
fibres  and  the  nerve  cells ; but  it  is  possible  that  such  a communication 
may  take  place  by  other  methods  than  an  immediate  continuity  of  their 
substance. 

Finally,  it  is  certain  that  there  are  nerve  cells  in  the  gray  matter 
which  are  not  directly  connected  with  nerve  fibres.  According  to  the 
observations  of  Gerlach,  there  is  a tract  throughout  the  dorsal  portion 
of  the  spinal  cord,  near  the  central  part  of  its  gray  substance,  where  all 
the  nerve  cells  are  provided  with  branching  prolongations,  but  do  not 
possess  any  undivided  process  resembling  a cylinder  axis.  It  is  not 
known  whether  such  cells  exist  also  in  other  portions  of  the  nervous 
system. 

Physiological  Properties  of  the  Nerve  Cells. — The  nerve  cells,  and 
the  gi’ay  substance  of  which  they  form  a part,  act  as  centres,  in  which 
the  nervous  impressions  are  received  through  the  sensitive  nerve  fibres 
from  the  periphery,  and  from  which  a stimulus  is  sent  out  through  the 
motor  fibres  to  the  muscles.  Every  collection  of  gray  substance  is 
therefore  called  a “nervous  centre.”  While  the  nerve  fibres  accordingly 
are  organs  of  transmission  only,  the  gray  substance  and  its  nerve  cells 
constitute  an  apparatus  in  which  the  nervous  influence  is  modified  in 
character,  and  changed  from  one  form  to  another.  Their  function  is 
to  receive  impressions  conveyed  to  them  by  the  nerve  fibres,  and  to 
convert  these  impressions  into  impulses  which  are  transmitted  to  dis- 
tant organs.  The  nature  of  the  process  by  which  this  change  is  effected, 
and  the  action  which  goes  on  in  the  nerve  cells  during  its  accomplish- 
ment, are  entirely  unknown  to  us ; but  it  is  evidently  essential  to  the 
physiological  operation  of  the  nervous  system,  since  neither  sensation 
nor  movement  is  ever  excited,  in  the  natural  condition,  through  the 
nerve  fibres,  unless  they  are  in  communication  with  the  gray  substance 
of  a nervous  centre. 

1 Kolliker,  EEments  d’Histologie  Humaine,  5me  Edition.  Paris,  1868,  pp.  361, 
363,  365,  399. 
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Eeflex  Action  of  the  Nervous  System. — The  nervous  system  thus 
stands  as  a medium  of  communication  between  different  parts  of  the 
living  body,  so  that  a stimulus  applied  to  one  organ  may  excite  the 
activity  of  another.  This  communication  between  adjacent  or  distant 
parts  is  never  direct,  but  always  a circuitous  one.  It  passes  invariably 
through  an  intermediate  nervous  centre,  which  receives  the  impression 
conveyed  to  it  by  nerve  fibres  from  one  organ,  and  reacts  by  sending 
out  a stimulus  which  calls  into  activity  the  other.  This  is  called 
the  “reflex  action”  of  the  nervous  system,  because  the  stimulus  is  first 
sent  inward  to  the  nervous  centre  and  then  returned  or  reflected  in  the 
opposite  direction.  In  this  process,  the  intermediate  act  between  the 
inward  and  outward  passage  of  the  nervous  stimulus  is  accomplished  in 
the  gray  substance  of  the  nervous  centres. 
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CHAPTEE  II. 

NERVOUS  IRRITABILITY  AND  ITS  MODE  OF 

ACTION. 

The  property  possessed  by  nerves  of  being  called  into  excitement  by 
an  appropriate  stimulus  is  termed  their  “ irritability.”  This  property 
is  not  confined  to  the  elements  of  the  nervous  system,  but  exists  also  in 
other  tissues  and  organs.  Each  organ  or  anatomical  element,  when 
subjected  to  the  application  of  a stimulus  adapted  to  its  physiological 
character,  reacts  in  a way  peculiar  to  itself  and  produces  a visible  result 
of  a definite  kind.  Thus  a glandular  organ,  when  excited,  exhibits  the 
phenomena  of  secretion  ; a muscle  or  a muscular  fibre,  those  of  contrac- 
tion. The  visible  result  of  glandular  activity  is  the  accumulation  and 
discharge  of  the  secreted  fluids,  that  of  muscular  contraction  is  a change 
of  form  in  the  muscle,  and  a movement  of  the  parts  to  which  it  is  at- 
tached. The  irritability  of  a nerve  or  a nerve  fibre,  on  the  other  hand,  is 
not  manifested  by  any  perceptible  change  in  its  own  substance,  but  by 
the  phenomena  of  sensation  or  motion  in  the  organs  to  which  it  is 
distributed. 


Irritability  of  Sensitive  Fibres. 

The  irritability  of  the  sensitive  nerve  fibres  is  most  directly  mani- 
fested during  life  by  the  production  of  sensation.  This  sensation, 
however,  does  not  exist  in  the  nerve  itself,  but  in  the  nervous  centre 
where  its  fibres  terminate.  The  proof  of  this  is  that  if  the  communica- 
tion between  any  part  of  a sensitive  nerve  and  the  brain  be  cut  off  by 
division  of  the  nerve  fibres,  no  stimulus  subsequently  applied  to  the 
separated  trunk  or  branches  of  the  nerve  will  produce  any  perceptible 
sensation.  If,  however,  the  connection  between  the  nerve  and  the 
nervous  centre  be  retained,  while  that  with  the  external  integument  be 
cut  off,  stimulants  of  various  kinds  applied  to  the  nerve  itself  will  pro- 
duce a sensation  which  is  more  or  less  acute  according  to  the  stimulus 
employed.  Pinching  or  pricking  the  nerve,  variations  of  temperature, 
or  the  passage  of  an  electric  current,  will  all  have  the  effect  of  bringing 
into  action  the  nervous  irritability,  and  thus  producing  the  effect  of  a 
sensation. 

In  order  to  accomplish  this  result,  however,  two  conditions  are  essen- 
tial. First,  the  nerve  must  be,  as  above  mentioned,  in  communication 
with  the  nervous  centre  where  the  sensation  is  to  be  perceived ; and 
secondly,  the  nerve  fibres  themselves  must  retain  their  power  of 
irritability.  The  irritability  of  a sensitive  nerve  may  bo  so  deadened 
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by  the  compression  of  a bandage  or  the  application  of  cold,  that  no 
stimulus  applied  to  the  part  will  produced  any  perceptible  effect.  Ac- 
cording to  the  observations  of  Weir  Mitchell,1  the  application  of  extreme 
cold,  in  man,  to  the  region  of  the  ulnar  nerve  at  the  elbow  produces, 
when  the  chilling  process  has  reached  a certain  stage,  complete  loss  of 
sensibility  in  the  parts  to  which  the  nerve  is  distributed.  The  irrita- 
bility of  sensitive  nerve  fibres  may  also  be  temporarily  suspended  by 
mechanical  injuries  in  their  immediate  neighborhood,  not  involving  the 
fibres  themselves.  Thus  a division  of  certain  parts  of  the  white  sub- 
stance in  the  brain  or  spinal  cord,  is  known  to  produce  a loss  of  sensi- 
bility in  particular  regions  of  the  body,  which  may  disappear  after  a 
short  time,  notwithstanding  that  the  wounded  fibres  remain  ununited  ;2 
and  according  to  the  observations  of  L’Etievant,3  section  of  one  blanch 
of  a sensitive  nerve,  beside  the  persistent  anaesthesia  of  the  divided 
fibres,  may  also  cause  a temporary  loss  of  sensibility  in  neighboring 
fibres,  derived  by  anastomosis  from  other  branches. 

The  irritability  of  sensitive  nerve  fibres  may  also  be  abnormally 
increased  by  vascular  congestion,  or  local  injuries,  dhe  application  of 
cold,  or  shutting  off  the  supply  of  blood  by  the  ligature  of  arteiies, 
may  produce  in  the  nerve,  before  it  reaches  the  stage  of  insensibility,  a 
condition  of  unnatural  excitement  which  is  indicated  by  pain,  in  the 
parts  corresponding  to  its  distribution. 

During  life  the  irritability  of  sensitive  nerves  is  manifested  by  the 
evidences  of  conscious  sensation.  After  death,  as  in  a decapitated 
animal,  it  may  also  be  shown  to  exist,  for  a certain  time,  b}r  the  leflex 
actions  taking  place  in  the  spinal  cord  or  in  other  parts  of  the  nervous 

system. 

Irritability  of  Motor  Fibres. 

The  motor  nerves  are  especially  convenient  for  studying  the  action 
of  nervous  irritability,  because  their  excitement  has  for  its  result  a 
visible  muscular  contraction ; and  this  may  take  place,  even  when  the 
nerve  and  its  muscle  have  been  separated  from  the  rest  of  the  body. 
To  produce  this  result,  however,  as  in  the  case  of  the  sensitive  nerves, 
two  conditions  are  requisite,  namely;  first,  the  nerve  fibre  must  pie- 
serve  its  normal  irritability ; and  secondly,  the  muscular  tissue  must 
also  be  capable  of  responding  to  a stimulus  by  the  contraction  of  its 
fibres.  The  laws  regulating  these  two  sets  of  phenomena  may  therefore 
be  studied  in  connection  with  each  other. 

Mode  of  exhibiting  Muscular  Irritability.— This  is  best  shown  m the 
cold-blooded  animals,  since  in  them  it  continues  active  for  a longer  time 
than  in  the  birds  and  mammalians.  A frog’s  leg  is  separated  from  the 
body  of  the  animal,  the  skin  removed,  and  the  poles  of  a galvano-electric 

1 Injuries  of  Nerves  and  their  Consequences.  Philadelphia,  1872,  p.  59. 

2 Ycyssiferc,  Rccherches  sur  l’Heminna2sth6sie.  Paris,  1874,  p.  78.  . 

3 Trait6  des  Sections  Nerveuses.  Paris,  1873,  pp.  171,  192. 
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Frog’s  Leg, with 
the  poles  of  a gal- 
vanic battery  applied 
to  the  muscles  at 
a,  b. 


apparatus  (Fig.  143,  a , b)  applied  to  the  surface  of  Fig.  143. 
the  denuded  muscles.  A contraction  takes  place 
each  time  the  circuit  is  completed,  when  the  elec- 
tric discharge  passes  through  the  limb.  In  this  case, 
the  stimulus  is  applied  directly  to  the  muscles,  and 
shows  that  their  irritability,  or  power  of  contrac- 
tion under  the  influence  of  an  exciting  cause,  does 
not  depend  upon  their  remaining  in  connection 
with  the  nerves  or  nervous  centres.  A single  mus- 
cular fibre,  in  fact,  separated  from  all  neighboring 
parts,  may  sometimes  be  seen  to  contract  under  the 
microscope  for  a certain  time  after  its  removal  from 
the  muscular  tissue.  The  muscles  will  also  respond 
by  contraction  to  various  other  kinds  of  mechanical 
or  chemical  stimulus,  such  as  pinching,  pricking, 
cauterizing,  the  contact  of  hot  or  cold  bodies,  or 
the  application  of  various  acid,  alkaline,  or  saline 
solutions.  The  most  efficient  and  manageable  stimu- 
lus, however,  is  the  electric  discharge. 

Mode  of  exhibiting  Nervous  Irritability. — In  order  to  exhibit  the 
irritability  of  the  motor  nerve  fibres,  a frog’s  leg  is  prepared,  as  in  the 
preceding  experiment,  except  that  the  sciatic  nerve  is  cut  off  at  its 
point  of  emergence  from  the  spinal  canal,  and  dissected  from  the  adja- 
cent tissues,  so  that  a considerable  portion  of  it  is  left  exposed,  but 
retaining  its  connection  with  the  separated  limb 
(Fig.  144).  If  the  two  poles  of  a galvanic  battery  Fig-.  144. 

be  now  placed  in  contact  with  different  points  (a,  b)  , 
of  the  exposed  nerve,  and  a current  allowed  to  pass 
between  them,  at  the  moment  of  its  passage  a con- 
traction takes  place  in  the  muscles  below.  It  will 
be  seen  that  this  experiment  is  altogether  different 
from  the  one  represented  in  Fig.  143.  In  that  case 
the  electric  discharge  passes  through  the  muscles 
themselves,  and  acts  upon  them  by  direct  stimulus. 

Here  the  current  passes  only  from  a to  b through 
the  tissues  of  the  nerve,  and  acts  directly  upon  the 
nerve  alone;  while  the  nerve,  acting  upon  the 
muscles  by  its  own  special  agency,  causes  in  this 
way  a muscular  contraction.  So  long,  therefore, 
as  the  muscles  are  in  a healthy  condition,  their  con- 
traction, under  the  influence  of  a stimulus  applied  fjl 

to  the  nerve,  demonstrates  the  irritability  of  the 
latter,  and  may  be  used  as  a convenient  measure  of 
its  intensity. 

The  irritability  of  a motor  nerve  continues  after 
death.  The  knowledge  of  this  fact  follows  from  tho  "ciatio  ^er°v’e'(N) 
what  has  been  said  with  regard  to  experimenting  nttnohed.  a.,  b.  Poles 
upon  the  frog’s  leg,  prepared  as  above.  The  irrita-  fiTto  the  nervef  aP‘ 
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bility  of  the  nerve,  like  that  of  the  muscles,  depends  directly  upon  its 
anatomical  structure  and  constitution;  and  so  long  as  these  remain 
unimpaired,  the  nerve  will  retain  its  vital  properties,  though  respira- 
tion and  circulation  may  have  ceased.  For  the  same  reason,  nervous 
irritability  lasts  longer  after  death  in  the  cold-blooded  than  in  the 
warm-blooded  animals.  Yarious  artificial  irritants  may  be  emplo3red 
to  call  it  into  activity.  Pinching  or  pricking  the  exposed  nerve  with 
steel  instruments,  the  application  of  caustic  liquids,  and  the  passage  of 
galvanic  discharges,  all  have  this  effect.  The  galvanic  current,  how- 
ever, is  the  best  means  to  employ  for  this  purpose,  since  it  is  more 
delicate  in  its  operation  than  the  others,  and  will  continue  to  succeed 
for  a longer  time. 

The  nerve  is  so  sensitive  to  the  galvanic  current  that  it  will  respond 
to  it  when  insensible  to  all  other  kinds  of  stimulus.  A frog’s  leg 
freshly  prepared,  as  above,  with  the  nerve  attached,  will  react  so  readily 
when  a discharge  is  passed  through  the  nerve,  that  it  forms  an  ex- 
tremely delicate  instrument  for  detecting  the  presence  of  electric  cur- 
rents of  low  intensity,  and  has  been  sometimes  used  for  this  purpose 
under  the  name  of  the  “ galvanoscopic  frog.”  It  is  only  necessary  to 
introduce  the  nerve  as  part  of  the  electric  circuit;  and  if  even  a ieiy 
feeble  current  be  present,  it  is  at  once  betrayed  by  a muscular  con- 

tr&Nervous  irritability , like  that  of  the  muscles,  is  exhausted  by  repeated 
excitement.  If  a frog’s  leg,  prepared  in  the  manner  above  described, 
with  the  sciatic  nerve  attached,  be  allowed  to  remain  at  rest  in  a damp 
and  cool  place,  where  its  tissue  will  not  become  altered  by  desiccation, 
the  nerve  will  remain  irritable  for  many  hours;  but  if  it  be  excited, 
soon  after  its  separation  from  the  body,  by  repeated  shocks,  it  begins 
to  react  with  diminished  energy,  and  becomes  gradually  less  irritable, 
until  at  last  it  ceases  to  exhibit  any  further  excitability.  If  it  be  now 
allowed  to  remain  for  a time  at  rest,  its  irritability  will  be  partially 
restored;  and  muscular  contraction  will  again  ensue  on  the  application 
of  a stimulus  to  the  nerve.  Exhausted  a second  time,  and  a secon 
time  allowed  to  repose,  it  will  again  recover  itself ; and  this  may  be 
repeated  several  times  in  succession.  At  each  repetition  however  tlm 
recovery  of  nervous  irritability  is  less  complete,  until  it  finally  disap- 
altogether,  and  can  no  longer  he  recalled.  The  the 

muscles  may  be  exhausted,  in  a similar  way,  by  repeated  excitMent 
Various  circumstances  tend  to  diminish  or  suspend  the  irritability  of 
the  motor  nerve  fibres.  As  in  the  case  of  the  sensitive  fibres,  compres- 
sion cold,  or  other  similar  agencies  will  depress  tie  power  o 
muscular  nerves,  so  that  they  can  no  longer  excite  a contraction  vhe 
^iWe^ed  to  the  galvanic  ciurent.  Severe  and  sudden  mechamca  in- 
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and  destroys  or  suspends  its  irritability.  The  effects  of  a nervous 
shock  of  this  kind  may  frequently  be  seen  in  man  after  railroad  acci- 
dents, where  the  patient,  though  extensively  injured,  may  remain  for 
some  hours  in  a state  of  unusual  muscular  debility,  and  at  the  same  time 
without  the  sensation  of  pain.  It  is  only  after  reaction  has  taken  place, 
and  nervous  irritability  has  been  restored  by  repose,  that  the  power's  of 
sensation  and  voluntary  motion  are  re-established. 

It  is  often  found,  on  preparing  the  frog’s  leg  for  experiment  as  above, 
that  immediately  after  the  limb  has  been  separated  from  the  body  and 
the  integument  removed,  the  nerve  is  destitute  of  irritability.  Its 
vitality  has  been  suspended  by  the  violence  inflicted  in  the  preparatory 
operation.  In  a few  moments,  if  kept  under  favorable  conditions,  it 
recovers  from  the  shock,  and  regains  its  natural  irritability. 

Different  Action  of  the  Direct  and  Inverse  Currents. — The  action 
of  the  galvanic  current  upon  the  nerves,  as  first  shown  by  Matteucci,  is 
in  many  respects  peculiar.  If  the  current  be  made  to  traverse  the  nerve 
in  the  natural  direction  of  its  fibres,  namely,  from  its  origin  toward  its 
distribution,  as  from  a to  b (Fig.  144),  it  is  called  the  direct  current. 
If  it  be  made  to  pass  in  the  contrary  direction,  as  from  b to  a,  it  is  called 
the  inverse  current.  When  the  nerve  is  fresh  and  exceedingly  irritable, 
or  when  the  galvanic  current  is  of  sufficient  intensity,  a muscular  con- 
traction takes  place  at  both  the  commencement  and  termination  of  the 
current,  whether  it  be  direct  or  inverse.  But  when  the  activity  of  the 
nerve  has  become  somewhat  diminished,  or  when  the  current  employed 
is  of  feeble  intensity,  contraction  takes  place  only  at  the  commencement 
of  the  direct  and  at  the  termination  of  the  inverse  current.  This  may 
readily  be  shown  by  preparing  the  two  legs  of  the  same  frog  in  such  a 
manner  that  they  remain  connected  with  each  other  by  the  sciatic  nerves 


Fig.  145. 


and  that  portion  of  the  spinal  column  from  which  these  nerves  take  their 
origin.  The  two  legs,  so  prepared,  are  placed  each  in  a vessel  of  water, 
with  the  nervous  connection  hanging  between.  (Fig.  145.)  If  the  posi- 
tive pole,  a,  of  the  battery  be  now  placed  in  the  vessel  which  holds  leg 
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No.  1,  and  the  negative  pole,  b , in  that  containing  log  No.  2,  it  ■will  be 
seen  that  the  galvanic  current  will  traverse  the  two  legs  in  opposite 
directions.  In  No.  1,  it  will  pass  in  a direction  contrary  to  the  course 
of  its  nervous  fibres,  that  is,  it  will  be  for  this  leg  an  inverse  current ; 
while  in  No.  2 it  will  pass  in  the  same  direction  with  that  of  the  nervous 
fibres,  that  is,  it  will  be  for  this  leg  a direct  current.  It  will  now  be 
found  that  at  the  moment  when  the  circuit  is  completed,  a contraction 
takes  place  in  No.  2 by  the  direct  current,  while  No.  1 remains  at  rest; 
but  at  the  time  the  circuit  is  broken,  a contraction  is  produced  in  No.  1 
by  the  inverse  current,  while  .no  movement  takes  place  in  No.  2.  A suc- 
cession of  alternate  contractions  may  thus  be  produced  in  the  two  legs 
by  repeatedly  closing  and  opening  the  circuit.  If  the  position  of  the 
poles,  a,  6,  be  reversed,  the  effects  of  the  current  will  be  changed  in  a 
corresponding  manner. 

After  a nerve  has  become  exhausted  by  the  direct  current,  it  is  still 
sensitive  to  the  inverse ; and  after  exhaustion  by  the  inverse,  it  is  still 
sensitive  to  the  direct.  It  was  even  found  by  Matteucci  that  aftei  a 
nerve  has  been  exhausted  for  the  time  by  the  direct  current,  the  return 
of  its  irritability  is  hastened  by  the  subsequent  passage  of  the  inverse 
current;  so  that  it  will  become  again  sensitive  to  the  direct  current 


exciting  to  a nerve  as  the  passage  of  direct  and  inverse  currents,  alter- 
nating with  each  other  in  rapid  succession.  Such  a mode  of  applying 
the  electric  stimulus  is  that  afforded  by  the  Faradic  apparatus,  in  which 
momentary  currents  of  induced  electricity  are  made  to  traverse  the  cir- 
cuit in  two  opposite  directions  in  rapid  alternation. 

The  irritability  of  motor  nerves  is  distinct  from  that  of  the  muscles. 
This  is  shown  by  the  fact  that  the  two  properties  may  be  destroyed 
or  suspended  independently  of  each  other.  When  the  frog  s leg  has 
Wn  m-enared  and  separated  from  the  body,  with  the  sciatic  ner\  e at- 


sooner 


than  if  allowed  to  remain  at  rest.  Nothing,  accordingly,  is  so 


There  are,  therefore,  two  kinds  o 
alysis,  in  which  the  muscular  fibies 


themselves  are  directly  affected ; 

Paris;  1858,  tome  i.  p.  199. 


i Lemons  sur  la  Physiologic  du  Systhme  nerveux. 


AND  ITS  MODE  OF  ACTION. 


423 


and  secondly,  a nervous  paralysis,  in  which  the  affection  is  confined  to 
the  nerve  fibres,  the  muscles  retaining  their  natural  properties,  and  being 
still  capable  of  contraction  under  the  influence  of  direct  stimulus. 

Identity  of  Action  in  the  Sensitive  and  Motor  Nerve  Fibres. 

The  results  which  are  produced  by  the  physiological  action  of  the 
nerve  fibres  differ  from  each  other  in  the  two  classes  to  which  they 
belong.  The  stimulation  or  excitement  of  the  sensitive  fibres  produces 
a sensation,  or  a sensitive  impression  in  the  nervous  centre  ; that  of  the 
motor  fibres  causes  contraction  of  the  muscles  to  which  they  are  distrib- 
uted. Moreover,  if  a sensitive  nerve  or  nerve  fibre  be  divided,  stimulus 
applied  to  its  central  or  attached  extremity  still  excites  a sensation, 
while  the  application  of  the  same  stimulus  to  its  separated  or  peripheral 
portion  produces  no  apparent  result.  On  the  other  hand,  if  a motor 
nerve  be  divided,  irritation  of  its  attached  extremity,  which  is  still  in 
connection  with  the  nervous  centre,  is  without  effect;  but  irritation  of 
its  peripheral  portion  causes  a muscular  contraction  as  before.  In  other 
words,  the  nervous  force,  in  a sensitive  nerve,  appears  to  move  always 
in  a centripetal  direction,  that  is  from  without  inward  ; in  a motor  nerve, 
on  the  other  hand,  in  a centrifugal  direction,  or  from  within  outward. 
In  the  natural  condition  of  the  parts,  also,  the  excitement  of  a sensitive 
nerve  never  produces  directly  any  other  effect  than  sensation ; that  of  a 
motor  nerve  only  gives  rise  to  the  phenomena  of  movement. 

These  facts  easily  suggest  the  idea  that  the  two  kinds  of  nerve  fibres 
may  be  distinct  in  their  properties  and  modes  of  action ; that  the  sensi- 
tive fibres  may  be  capable  of  acting  only  in  a centripetal  direction  and 
of  exciting  the  phenomena  of  sensibility;  and  that  the  motor  fibres 
can  only  act  from  within  outward  and  transmit  a special  kind  of  nerve 
force,  adapted  to  excite  muscular  contraction. 

It  is  evident,  however,  that  the  reasons  given  above  are  not  sufficient 
to  indicate  a difference  in  the  activity  of  the  nerves  themselves,  but  only 
in  the  sensible  results  of  its  operation.  In  neither  case  is  there  any 
perceptible  effect  produced  in  the  nerve,  but  only  in  the  organ  with 
which  it  is  in  connection.  When  a sensitive  nerve  is  excited,  the  sensa- 
tion is  perceived  in  the  nervous  centre  ; when  a motor  nerve  is  called 
into  activity,  the  contraction  is  performed  by  the  muscular  fibres  at  its 
periphery.  It  is  possible  that  the  condition  of  the  nerve  fibres,  when  in 
a state  of  excitement,  may  be  the  same  in  each  instance,  and  that  the  dif- 
ference in  the  effect  produced  may  be  due  to  the  different  physiological 
properties  of  the  organs  in  which  they  terminate ; just  as  the  conducting 
wire  of  a galvanic  battery  may  be  made  to  ring  a bell  or  move  an  index, 
according  to  the  mechanism  with  which  its  poles  are  connected.  There 
are  certain  facts  which  can  hardly  bear  any  other  interpretation  than 
this,  and  which  lead  to  the  conclusion  that  the  physiological  action  in 
the  nerve  fibres  themselves  is  not  essentially  different  in  different  kinds 
of  nerves. 
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1.  The  stimulus  applied  to  a nerve , whether  sensitive  or  motor,  pro- 
duces the  same  effect  throughout  its  entire  length. 

In  the  natural  condition  of  the  parts,  the  impressions  made  upon  the 
external  integument,  when  they  give  rise  to  sensation,  are  transmitted 
by  the  sensitive  nerve  through  its  whole  course  to  the  nervous  centre. 
There  it  is  perceived  as  a sensation;  and  the  sensation  thus  produced  is 
referred  by  the  individual,  not  to  the  brain  or  to  any  part  of  the  nerve, 
but  to  the  integument  where  the  nerve  originated.  If  an  irritation  be 
applied  to  the  nerve  in  the  middle  of  its  course,  the  sensation  is  still 
perceived  as  if  it  came  from  the  same  portion  of  the  integument  and  had 
travelled  through  the  same  distance  as  before.  It  is  well  known  that 
after  amputation  of  a limb  in  the  human  subject,  if  the  severed  extremity 
of  one  of  the  nerves  happen  to  be  compressed  or  otherwise  irritated  by 
the  tissues  of  the  cicatrix,  or  if  it  be  the  seat  of  inflammatory  action, 
many  different  sensations  of  pain,  movement,  heat,  or  cold,  are  excited, 
which  are  always  referred  by  the  individual  to  the  amputated  portion 
of  the  limb ; and  patients  often  assert  that  they  can  feel  the  separated 
parts  as  distinctly  as  if  they  were  still  attached  to  the  body.  The  im- 
pression conveyed  through  the  remaining  portion  of  the  nerve  is  the 
same  as  if  the  whole  of  it  were  still  in  existence. 

The  action  of  the  motor  nerves  is  of  a similar  kind.  A voluntary 
stimulus,  which  originates  in  the  brain,  passes  through  the  entire  length 
of  a motor  nerve  to  reach  the  muscles  and  excite  their  contraction. 
But  if  the  nerve  be  divided  at  any  intermediate  point,  and  a galvanic 
stimulus  applied  to  the  peripheral  portion,  a contraction  follows  in  the 
same  muscles  as  before.  In  each  case,  the  physiological  effect  is  pio- 
duced  at  the  extremity  of  the  nerve  fibres ; and  it  seems  to  make  no 
essential  difference  in  its  character  from  how  great  a distance  it  has 
been  transmitted. 

So  far  as  yet  known,  therefore,  the  nerve  fibre,  whether  sensitive  or 
motor,  when  its  irritability  is  excited,  may  be  thrown  at  once  into  a 
condition  of  activity  throughout  its  entire  length;  the  whole  nerve 
assuming  a state  of  polarity , analogous  to  that  of  a magnetized  bai,  in 
which  the  visible  phenomena  of  attraction  or  repulsion  are  manifested 
only  at  its  extremities,  although  the  whole  substance  of  the  bar  partici- 
pates in  its  magnetic  molecular  action.  When  the  exciting  stimulus,  as 
in  the  sensitive  nerves,  is  naturally  applied  at  the  peripheral  extremity, 
it  must  necessarily  be  communicated  from  without  inward;  and  when 
it  commences  at  the  inner  extremity,  as  in  a motor  nerve,  it  must  move 
in  a direction  from  within  outward.  But  nothing  thus  far  shows  that 
it  may  not  be  capable  of  moving  in  either  of  these  two  directions  in  the 
same  nervous  fibre.  The  following  experiments  show  that  this  is  in 
reality  the  case,  so  far  as  regards  the  sensitive  nerves. 

2.  Sensitive  impressions  may  pass,  in  the  fibres  of  a sensitive  nerve, 
either  from  without  inward  or  from  within  outward. 

This  of  course  never  takes  place  in  the  natural  condition  of  the  parts ; 
but  its  possibility  has  been  demonstrated,  in  the  experiments  of  Paul 
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Bert,'  by  dividing  a sensitive  nerve  and  then  reversing  its  position, 
so  that  its  peripheral  extremity  is  brought  into  connection  with  the 
nerve  centres.  The  end  of  the  tail,  in  a young  rat,  was  deprived  of  its 
integument  for  a length  of  live  centimetres,  and  the  denuded  portion 
inserted  beneath  the  integument  of  the  back  of  the  same  animal.  At 
the  end  of  eight  days,  when  the  ingrafted  portion  had  become  adherent 
to  the  subcutaneous  tissues,  and  had  contracted  sufficient  vascular  con- 
nection for  its  support,  the  tail  was  amputated  at  its  base,  and  thence- 
forward remained  attached  to  the  body  of  the  animal  only  by  what  was 
previously  its  peripheral  extremity.  In  three  months  the  signs  of  sensi- 
bility again  began  to  be  manifested  when  the  end  of  the  tail,  thus  re- 
versed, was  subjected  to  compression ; and  at  the  end  of  six  months  its 
sensibility  was  re-established  to  an  unmistakable  degree.  The  nerves 
of  the  tail,  which  before  the  operation  transmitted  sensitive  impressions 
from  its  point  toward  its  base,  afterward  transmitted  the  same  impres- 
sions from  its  base  toward  its  point. 

There  is  no  evidence,  therefore,  that  nerve  fibres  are  endowed  with  two 
different  modes  of  action,  one  for  sensation,  the  other  for  motion.  In 
each  case  the  condition  of  the  nerve  itself  may  be  of  the  same  nature. 
But,  being  thrown  into  a state  of  excitement  throughout  its  entire  length, 
it  communicates  a stimulus  to  the  organ  with  which  it  is  connected.  If 
this  oigan  be  a perceptive  nervous  centre,  the  effect  produced  is  a sen- 
sation ; if  a muscle,  it  results  in  contraction  and  movement.  These  acts 
cannot  be  interchanged  with  each  other,  because  the  muscle  cannot  feel 
and  the  nervous  centre  is  incapable  of  contraction ; but  they  are  both 
indirect  effects  of  the  nervous  influence,  and  do  not  necessarily  depend 
upon  any  difference  in  its  nature. 


Rapidity  of  Transmission  of  the  Nerve  Force. 

It  is  a matter  of  conscious  experience  that  the  operations  of  the  nerv- 
ous system  require  a certain  time  for  their  accomplishment.  The  action 
both  of  the  senses  and  of  the  will  is  exceedingly  rapid,  but  still  is  not 
absolutely  instantaneous.  Between  the  mental  decision  to  perform  a 
voluntary  movement  and  its  actual  execution,  there  is  a short  but  real 
interval  of  time,  during  which  the  nervous  mechanism  is  called  into 
activity.  A certain  period  also  intervenes  between  the  contact  of  a 
foreign  body  with  the  skin,  and  our  complete  perception  of  its  existence 
and  qualities.  There  is  even  more  or  less  difference  between  individuals 
in  the  length  of  time  required  for  the  performance  of  nervous  action ; 

e quickness  of  the  senses  and  the  promptitude  of  the  will  frequently 
vaiying  to  a perceptible  degree.  In  the  case  of  a voluntary  movement, 
ie  period  consumed  in  its  entire  accomplishment  may  be  occupied 
f three  different  processes,  namely:  1.  The  act  of  volition,  taking 
p ace  m the  brain  ; 2.  The  transmission  of  the  motor  impulse,  throuo-h 
ie  spinal  cord  and  nerves,  to  their  peripheral  terminations ; and  3.  The 
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excitement  of  the  muscular  fibres  to  a state  of  contraction.  In  the  case 
of  a sensation,  there  are  also  three  analogous  successive  acts,  namely : 
1.  The  reception  of  the  impression  by  the  sensitive  membrane;  2.  trans- 
mission of  the  stimulus  through  the  nerve  fibres  inward;  and  3.  Its  per- 
ception in  the  brain  as  a conscious  sensation.  It  is  an  impoi  taut  phy- 
siological problem  to  determine  the  degree  of  rapidity  with  which  the 
transmission  of  stimulus  takes  place  through  the  nerve  fibres  in  either 
direction;  and  it  has  recently  become  a matter  of  practical  interest  in 
relation  to  pathology. 

Methods  of  determining  the  Bate  of  Transmission  of  the  Nerve  Foi  ce. 
—The  measurement  of  the  rate  of  transmission  of  the  nerve  force  was 
first  accomplished  by  Helmholtz,1  and  has  since  been  carried  out  by  a 
number  of  different  observers  with  essentially  similar  results.  Ihe 
principle  adopted  is  in  all  cases  the  same.  Muscular  contraction  is 
excited  by  a stimulus  which  passes  through  two  nerves  of  different 
length,  or  through  two  different  lengths  of  the  same  nerve ; the  delay 
in  contraction,  when  the  stimulus  passes  through  the  greater  of  these 
two  distances,  gives  the  time  required  for  its  transmission  by  the  inter- 
vening nerve  fibres. 

These  experiments  were  first  performed  upon  nerves  and  muscles 
freshly  separated  from  the  body  in  the  cold-blooded  animals.  The  gas- 
trocnemius muscle  of  a frog  is  prepared,  with  a portion  of  the  sciatic 


nerve  attached.  A galvanic  battery  with  an  induction  apparatus  is  also 
..  , /.  ,i  . ...it-  Ho  Unltm’ir  -will  Tvrnd  llfifi 
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to  another.  A straight  horizontal  line  (bj  is  also  traced  upon  the  card 
by  the  extremity  of  a slender  steel  lever,  the  other  end  of  which  forms 
a part  of  the  galvanic  circuit.  The  closure  of  the  circuit  is  accom- 
plished by  a movement  which  pushes  aside  this  lever,  and  thus  causes  a 


Fig.  146. 


Diagram  of  the  Registering  Apparatus,  according  to  the  plan  of  Marey. 
a.  Undulating  line  traced  by  the  diapason,  which  marks  the  time  consumed  by  the  card  in 
moving  from  one  point  to  another,  b.  Line  traced  by  the  first  lever,  forming  part  of  the 
galvanic  circuit,  c Line  traced  by  the  second  lever,  which  is  moved  by  the  contraction  of 
the  muscle,  d.  Deviation  of  the  line  h,  indicating  the  closure  of  the  galvanic  circuit  and  the 
stimulation  of  the  nerve,  e.  Deviation  of  the  line  c , indicating  the  muscular  contraction. 

deviation  ( d ) in  the  line  traced  by  its  extremity.  This  deviation  registers 
upon  the  card  the  instant  of  the  closure  of  the  circuit,  and  consequently 
that  of  the  stimulation  of  the  nerve.  The  muscle  used  for  experiment 
is  fixed  in  position,  with  its  tendon  attached  to  a second  lever  in  such  a 
way  that  any  muscular  contraction  will  draw  aside  its  free  extremity. 
This  lever  traces  upon  the  card  a second  straight  horizontal  line  (c) 
parallel  to  the  first ; and  when  the  muscle  contracts,  the  line  is  devi- 
ated, as  at  (e),  by  the  lateral  movement  of  the  lever. 

Thus  when  the  experiment  has  been  performed,  there  are  left  upon  the 
surface  of  the  card  two  deviations  d and  e,  one  of  which  represents  the 
stimulation  of  the  nerve,  the  other  the  muscular  contraction ; and  between 
the  two  is  included  a certain  interval.  The  number  of  undulations  in 
the  diapason-trace  (a),  corresponding  to  this  interval,  gives  the  time 
which  lias  elapsed  between  the  stimulation  of  the  nerve  and  the  contrac- 
tion of  the  muscle.  In  the  example  shown  in  Fig.  146,  as  the  interval 
between  the  deviations  includes  13  simple  variations,  of  which  500 
would  represent  one  second,  the  time  occupied  is  0.026  of  a second. 
By  this  means,  intervals  of  time  of  very  short  duration  may  be  registered 
and  compared  with  accuracy. 

Subsequently  to  the  experiments  upon  separated  nerves  and  muscles 
in  the  lower  animals,  investigations  of  a similar  kind  were  extended  to 
the  human  subject  during  life.  In  the  experiments  of  Baxt,1  this  was 
done  by  applying  the  electrodes  to  the  surface  of  the  skin  immediately 
over  the  situation  of  the  median  nerve,  and  at  varying  distances  from 
the  muscles  to  which  its  fibres  are  distributed.  The  nerve  was  thus 

1 Monatsbericlit  der  Koniglicben  Preussischen  Akademie,  April,  1867,  and 
March,  1870. 
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stimulated  at  the  wrist,  at  the  elbow,  and  at  the  upper  arm  near  the 
lower  extremities  of  the  coraco-bracliialis  and  deltoid  muscles  ; the  effect 
of  the  stimulation  being  marked  by  the  swelling  of  the  muscles  at  the 
ball  of  the  thumb.  Here  also  it  was  found  that  the  intervening  time 
between  the  application  of  the  electrodes  and  the  muscular  contraction 
was  greater  when  the  stimulus  was  applied  to  the  nerve  at  the  upper 
arm,  than  when  applied  at  the  wrist ; this  increased  interval  being  evi- 
dently the  time  required  for  the  transmission  of  the  nervous  impulse 
from  one  point  to  the  other.  The  rate  of  transmission,  as  ascertained 
by  these  experiments,  was  found  to  vary  considerably  according  to  the 
different  conditions  of  cold  and  warmth;  the  transmission  in  the  me- 
dian nerve,  when  subjected  to  cold,  being  sometimes  less  than  one-half 
as  rapid  as  in  the  same  nerve  at  a higher  temperature. 

Finally,  in  the  experiments  of  Burckhardt,1  the  rate  of  transmission  of 
the  nerve  force,  for  voluntary  motion  and  the  acts  of  conscious  sensa- 
tion in  man,  has  been  investigated  at  considerable  length.  In  these 
experiments,  an  automatic  registering  apparatus  was  employed,  in  wine 
the  beginning  and  end  of  the  nervous  transmission  were  marked,  as 

above,  by  corresponding  deviations  of  a traced  line.  _ 

Rate  of  Transmission  in  the  Motor  kernes— The  transmission  ot 
the  voluntary  impulse  was  measured  in  Burckhardt’s  investigations  as 
follows  : The  galvanic  battery  and  the  registering  apparatus  being  pro- 
perly attached  to  the  person  serving  for  experiment,  the  signal  for  e 
contraction  of  a particular  muscle  was  given  by  the  sound  of  a bell 
connected  with  the  battery.  Thus  the  entire  interval  registered  was 
that  between  the  sound  of  the  bell  and  the  muscular  contraction  A 
part  of  this  time  was  consumed  m the  double  act  ot  healing 
and  producing  the  volitional  impulse.  A part  was  also  taken  up  m the 
local  process  of  muscular  contraction,  and  only  the  remainder  was  occu- 
pied  in  that  of  nervous  transmission.  But  it  is  evident  that  if,  in 
different  observations,  the  same  signal  were  used  for  the  contraction  of 
two  muscles  supplied  by  different  lengths  of  nerve,  the  process  takin 
place  in  the  brain  and  that  taking  place  in  the  muscle ^ ould l be  l k 

in  both  • and  any  difference  in  the  time  observed  must  be  due  to  tk 
m bom , ana  ay  i cd  w the  voluntary  motor 

different  distances  of  nerve  fibre  tiaierse  y , 

imnulse  The  muscles  employed  for  this  purpose  were,  in  the  loiie 

V mh  the //^tensor  digitorum  communis  brevis,  tibialis  anticus,  and 

quadriceps  extensor  cruris,  supplied  by  the  anter.or  crural  i c>e 
the  miner  limb,  the  interosseus  externns  primus,  extenso  dig  toiuni 
clmuul  flexor  digitorum  and  deltoid,  all  supplied  by  branebes  o 

S3 - p—  t*  -"ll 

ot  - upper  and 
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lower  extremities,  is  a little  over  27  metres  per  second.  The  minimum 
velocity  was  20  metres,  and  the  maximum  3G  metres  ; hut  of  all  the 
observations,  which  were  thirty  in  number,  twenty-three,  or  nearly  four- 
fifths,  gave  results  between  26  and  28  metres. 

In  one  instance  the  rate  of  movement  in  the  same  nerve,  for  the 
voluntary  impulse  and  for  that  excited  by  galvanism,  was  tested  com- 
paratively, and  but  little  difference  was  found  to  exist  in  the  two  cases. 

According  to  Burckhardt,  also,  the  rate  of  transmission  does  not  vary 
essentially  for  weak  or  strong  motor  impulses;  that  for  a muscular  con- 
traction of  moderate  force  passing  as  rapidly  through  the  nerve  as  that 
for  contractions  of  greater  power. 

Rate  of  Transmission  in  the  Sensitive  Nerves. — The  rate  of  trans- 
mission for  impressions  of  conscious  sensibility  is  determined  by  an 
analogous  method.  An  irritation  or  tactile  impression  is  produced 
upon  the  skin  at  varying  distances  from  the  nervous  centres — as,  for 
instance,  upon  the  foot,  the  thigh,  and  the  loins ; and  the  instant  at 
which  the  sensation  is  perceived  is  indicated  by  a movement  of  the 
finger.  As  the  time  required  for  the  act  of  conscious  perception  in 
the  brain  and  for  the  voluntary  movement  of  the  finger  is  the  same 
in  all  cases,  the  difference  between  two  successive  observations  is  owing 
to  the  different  lengths  of  the  nerves  transmitting  the  stimulus. 

In  the  investigations  of  Burckhardt,  which  were  made  upon  thirteen 
different  individuals,  the  mean  rate  of  transmission  for  sensitive  impres- 
sions through  the  peripheral  nerves  was  found  to  be  a little  less  than 
47  metres  per  second;  that  is,  more  than  one  and  a half  times  as  rapid 
as  that  for  voluntary  motion.  The  variations  were  from  a minimum 
of  20  to  a maximum  of  73  metres;  but  in  nearly  three-fourths  of  all  the 
observations,  the  results  were  confined  within  a variation  of  from  40  to 
56  metres.  The  rapidity  of  transmission  varied  but  little  with  the  in- 
creased or  diminished  intensity  of  the  impression;  the  difference,  on 
the  average,  being  but  little  over  one  per  cent. 

Rate  of  Transmission  in  the  Spinal  Cord. — The  investigations  of 
Burckhardt  first  indicated  a difference  between  the  rate  of  transmission 
in  the  spinal  cord  and  that  in  the  peripheral  nerves.  This  rate  was 
determined  for  the  spinal  cord  by  comparing  the  time  consumed  in 
the  passage  of  a voluntary  impulse  to  the  extremities  of  two  nerves, 
like  the  sciatic  and  the  ulnar,  which  emerge  from  the  spinal  cord  at 
different  points.  In  this  case  the  voluntary  impulse,  after  leaving  the 
brain,  will  traverse  different  lengths  of  the  spinal  cord;  and  as  its  rate 
of  movement  in  the  peripheral  nerves  is  known,  the  difference  in  the 
time  of  its  entire  passage  may  be  easily  referred  to  its  increased  or 
diminished  rate  of  movement  in  the  spinal  cord.  Thus  a motor  impulse, 
which  calls  into  action  the  interosseous  muscles  of  the  hand,  passes 
through  the  cervical  portion  of  the  spinal  cord,  and  thence  through  the 
lower  cervical  nerves,  the  brachial  plexus,  and  the  whole  length  of  the 
ulnar  nerve.  An  impulse  which  excites  contraction  in  the  quadriceps 
extensor  cruris  passes  through  both  the  cervical  and  dorsal  portions  of 
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the  spinal  cord,  and  thence  through  the  lumbar  plexus  and  the  anterior 
crural  nerve  to  the  thigh.  Consequently  its  transit  through  the  spinal 
cord  is  about  three  times  as  long  in  the  second  instance  ns  in  the  first ; 
and  its  amount  of  retardation  will  indicate  the  rate  of  transmission  in 
the  spinal  cord  as  compared  with  that  in  the  nerves. 

By  this  means  it  was  found  that  the  transmission  of  voluntary  motor 
impulses  in  the  spinal  cord  is  considerably  slower  than  in  the  nerves. 
Its  average  rapidity  was  a little  over  10  metres  per  second ; the  mini- 
mum being  8,  the  maximum  14  metres.  Thus  the  difference  in  rapidity 
of  transmission  through  the  nerves  and  the  spinal  cord  becomes  very 
manifest. 

Transmission  op  Voluntary  Motor  Impulses. 

Through  the  spinal  cord  . . . .10  metres  per  second. 

“ “ nerves  . . . . 27  “ 


A comparison  of  observations  on  the  two  opposite  sides  of  the  body 
gave  a difference  in  the  rate  of  transmission,  for  the  right  and  lett 
lateral  halves  of  the  spinal  cord,  of  from  1 to  3 metres  per  second, 
always  in  favor  of  the  left  side. 

The  transmission  of  sensitive  impressions  through  the  spinal  cord, 
on  the  other  hand,  was  found  to  be  nearly  as  rapid  as  through  the 
nerves,  the  average  rate  being  a little  over  42  metres  per  second.  A 
remarkable  difference,  however,  appeared  in  the  transmission  of  simple 
tactile  impressions  and  of  those  which  were  painful  in  character.  The 
former  are  comparatively  rapid,  as  above  stated,  while  painful  impres- 
sions ai'e  communicated  through  the  spinal  cord  at  a much  slower  rate, 
amounting  on  the  average  to  not  more  than  13  metres  pei  second. 
Thus  the  transmission  of  motor  impulses  and  of  tactile  and  painful 
impressions  respectively,  through  the  spinal  cord,  is  as  follou  s . 


Rate  of  Transmission  through  the  Spinal  Cord. 

For  tactile  impressions  . . . .42  metres  per  second. 

“ painful  “ .....  13 

“ motor  impulses  ...  . 10  “ 


According  to  these  results  the  passage  of  a motor  impulse,  from  the 
brain  to  the  muscles  of  the  foot,  would  occupy  0.088  of  a second ; of 
which  time  about  one-half  would  be  required  for  transmission  through 
the  spinal  cord,  and  one-half  for  transmission  through  the  fibres  of  the 
sciatic  nerve. 

Rapidity  of  Nervous  Action  in  the  Brain. — In  all  the  experiments 
detailed  above,  an  essential  part  of  the  nervous  operation  consists  in 
the  hearing  of  the  signal  for  a voluntary  movement  and  in  the  act  of 
volition  which  sets  in  motion  the  voluntary  impulse.  This  process, 
which  takes  place  in  the  brain,  includes  both  the  action  of  the  gray 
substance  of  the  nervous  centres  and  its  transmission  by  the  nerve 
fibres  of  the  white  substance  to  the  origin  of  the  spinal  cord.  The  time 
thus  consumed  is  ascertained  by  deducting,  from  the  whole  period 
intervening  between  the  signal  given  and  the  contraction  of  the  muse  e, 


first  the  time  requisite  for  the  mechanism  of  muscular  contraction, 
namely  0 01",  and,  secondly,  that  occupied  in  the  transmission  of  the 
impulse  through  the  spinal  cord  and  nerves.  Thus  if  the  entire  period 
he  0.220"  and  the  time  required  for  transmission  through  the  spinal 
cord*  and  nerves  be  0.088",  there  remains  0.132",  which  is  occupied  m 
muscular  contraction  and  in  the  acts  of  sensation  and  volition.  Burck- 
hardt’s  experiments,  like  those  of  Helmholtz,  fix  the  time  required  for 
local  stimulation  of  the  muscle  at  0.01"  ; and  he  estimates  that  about 
an  equal  interval  is  necessary  for  the  mechanism  of  hearing  m the 
external,  middle,  and  internal  parts  of  the  ear.  The  whole  process, 
therefore,  of  executing  a voluntary  movement  in  the  foot,  at  the  signal 
given  by  a bell,  would  be  divided  in  time  as  follows : 


Time  occupied  in  executing  a V oluntary  Movement  at 

Mechanism  of  hearing  . • • 

Acts  of  perception  and  volition  in  the  brain 
Transmission  through  the  spinal  cord  . 

Transmission  through  the  sciatic  nerve 

Mechanism  of  muscular  contraction  . . . • 


A GIVEN  SIGNAL. 
. 0.010" 

. 0.112" 

. 0.044" 

. 0.044" 

. 0.010" 


0.220" 


It  appears  that  the  nervous  action  in  the  brain,  which  represents  the 
operation  of  the  gray  substance  of  the  nervous  centres,  requires  a con- 
siderably longer  time  than  the  transmission  of  a nervous  impulse  through 
the  nerve  fibres. 

The  physiological  variation  in  rapidity  of  any  or  all  the  nervous 
actions  above  enumerated,  in  different  individuals,  causes  a difference 
in  the  promptitude  with  which  sensible  phenomena  are  perceived  and 
recorded  by  different  observers.  This  fact  was  first  distinctly  noticed 
in  astronomical  observations,  where  it  was  found  that  the  exact  time 
of  the  passage  of  a star  across  the  thread  of  a transit  instrument  was 
differently  recorded  by  different  observers  ; this  variation  in  some  cases 
amounting  to  as  much  as  one  second.  Subsequent  observations  showed 
that  in  no  case  was  the  time  of  the  transit  recorded  with  absolute 
accuracy ; but  that  a certain  delay  always  intervened,  due  to  the  time 
necessarily  occupied  by  the  nervous  mechanism  of  the  observer.  This 
fact  was  established  by  imitating  the  transit  of  a star  by  means  of  a 
single  luminous  point  moving  in  a circle  with  uniform  velocity  before 
the  field  of  a telescope.  By  contrivances  similar  to  those  described 
above,  the  real  instant  of  the  passage  of  this  luminous  point  across  the 
thread  of  the  telescope  field  was  recorded  upon  a revolving  cylinder, 
and  the  observer  also  marked  its  passage  by  similar  means,  lhe 
difference  between  the  real  and  the  observed  time  represented  the 
“personal  error”  of  the  observer.  The  amount  of  this  error,  however, 
although  it  varies  for  different  persons,  is  constant,  or  nearly  so,  for  the 
same  individual ; and,  when  it  has  been  once  ascertained,  the  results  of 
observation  may  be  so  corrected  as  to  approach  nearly  to  absolute 
precision. 
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CHAPTER  III. 

GENERAL  ARRANGEMENT  OP  THE  YARIOUS 
PARTS  OF  THE  NERYOUS  SYSTEM. 

In  man  and  the  vertebrate  animals  the  nervous  system  may  be  divided 
into  two  secondary  systems,  or  groups  of  nervous  centres  with  their 
commissural  fibres  and  nerves.  These  are,  first,  the  ganglionic  or  sym- 
pathetic, and  secondly,  the  cerebro-spinal  sj-stem. 

Ganglionic  System The  ganglionic  or  “sympathetic”  system  oc- 

cupies mainly  the  great  cavities  of  the  body.  It  is  connected  by  its 
nervous  branches  and  ramifications  with  the  internal  organs  concerned 
in  the  functions  of  nutrition,  and  more  especially  with  the  heart  and 
bloodvessels,  which  it  follows  throughout  their  peripheral  distribution. 
Its  especial  anatomical  character  consists  in  its  being  composed  of  numer- 
ous separate  masses  or  collections  of  gray  matter,  of  small  size  and 
rounded  form,  called  “ganglia;”  from  which  circumstance  the  whole 
ganglionic  system  takes  its  name.  These  ganglia,  connected  with  each 
other  by  slender  nervous  filaments,  form  a double  chain  of  distinct  but 
associated  nervous  centres,  situated  in  front  of  the  spinal  column 
throughout  the  neck  and  thorax ; while  in  the  abdomen  they  are  at 
certain  points  fused  together  into  larger  and  more  irregularly  shaped 
masses  upon  the  median  line.  There  are  also  scattered  ganglia  about 
the  head,  outside  the  cranial  cavity ; and  everywhere  the  ganglia  or 
their  nerves  receive  some  fibres  of  communication  from  the  other  divi- 
sion of  the  nervous  system.  The  scattered  arrangement  of  the  sym- 
pathetic ganglia,  and  their  deep  situation  among  the  thoracic  and 
abdominal  organs,  have  hitherto  prevented  a complete  investigation  of 
their  functions  ; and  it  is  doubtful  how  far  any  one  portion  exercises  a 
central  or  controlling  influence  over  the  remainder. 

Gerebro- Spinal  System. — The  cerebro-spinal  system,  as  its  name  indi- 
cates, is  made  up  of  the  brain  and  spinal  cord  as  the  great  nervous  cen- 
tres, with  the  nerves  which  originate  from  them  and  which  are  distributed 
to  the  voluntary  muscles  and  integument,  the  organs  of  special  sense, 
and  the  commencement  and  termination  of  the  internal  passages  of 
the  body.  It  is  especially  distinguished  by  the  fact  that  its  deposits  of 
gray  substance,  instead  of  being  distributed  in  separate  nodules  as  iu 
the  ganglionic  system,  are  collected  into  two  principal  continuous  masses, 
the  brain  and  the  spinal  cord,  occupying  the  cranial  and  spinal  cavities, 
where  they  are  enveloped  and  connected  by  tracts  ot  white  substance, 
which  often  conceal  in  an  external  view  the  divisions  between  them. 

The  cerebro-spinal  nervous  system  is  also  distinguished  by  a nearly 
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But  while  the  ganglionic 


Fig.  147. 


complete  symmetry  of  arrangement.  The  internal  abdominal  organs 
are  in  great  measure  unsymmetrical,  and  the  corresponding  nerves  and 
nervous  centres  of  the  ganglionic  system  present  the  same  want  of 
regularity  in  their  locality  and  distribution, 
system  presides  over  the  internal  organs  and 
functions  of  nutrition,  the  cerebro-spinal  sys- 
tem, on  the  other  hand,  is  connected  with  the 
apparatus  of  animal  life,  namely,  the  organs 
of  sensation  and  movement  by  which  the 
living  body  is  brought  into  relation  with  the 
exterior.  As  these  organs,  in  man  and  the 
vertebrate  animals,  are  symmetrically  ar- 
ranged, the  cerebro-spinal  nervous  system 
presents  the  same  character.  Both  the  brain 
and  the  spinal  cord  are  composed  of  two, 
right  and  left,  lateral  halves ; each  one  of 
which  furnishes  the  nerves  of  sensation  and 
motion  to  the  corresponding  sides  of  the 
body. 

Another  striking  peculiarity  of  this  part 
of  the  nervous  system  is  the  mutual  decus- 
sation of  the  nerve  fibres  belonging  to  its 
two  sides.  Both  the  brain  and  spinal  cord 
have  their  right  and  left  halves  connected 
by  fibres  which  pass  across  the  median  line 
from  one  to  the  other ; the  different  bundles 
being  often  interwoven  with  eacli  other,  at 
the  point  of  transit,  in  a somewhat  compli- 
cated manner.  This  peculiarity  extends  to 
the  origins  of  the  nerves,  which  decussate 
with  each  other  internally  ; so  that  the  nerve 
fibres  emerging  from  the  right  side  of  the 
cerebro-spinal  mass  have  their  origin  from 
the  gray  substance  of  the  left  lateral  half, 
and  those  emerging  from  the  left  side  origi- 
nate from  the  gray  substance  of  the  right 
lateral  half.  The  only  uncertainty  in  this 
respect  is  whether  the  decussation  be  com- 
plete or  partial ; that  is,  whether  all  the 
fibres  of  a given  nerve  root  be  connected 
with  the  opposite  side  of  the  central  mass,  or 
whether  a part  of  them  originate  from  the 
same  and  a part  from  the  opposite  side.  The  decussating  fibres,  in  a 
large  number  of  instances,  are  anatomically  demonstrated.  In  some 
remaining  exceptions  their  course  is  more  or  less  a matter  of  doubt. 

The  Spinal  Cord  is  a nearly  cylindrical  nervous  mass,  inclosed  in  the 
cavity  of  the  spinal  canal,  commencing  by  a slightly  enlarged  extremity 


The  Brain  and  Spinal 
Cord,  in  profile. 
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at  the  brain  above,  and  terminating  below  in  a conical  point  at  the  level 
of  the  first  lumbar  vertebra.  Its  inner  portions  are  occupied  by  gray 
substance,  which  forms  a continuous  chain  ol  ganglionic  matter,  run- 
ning from  one  extremity  of  the  cord  to  the  other.  Its  outer  portions 
are  composed  of  white  substance,  the  fibres  of  which  run  mainly  in  a 
longitudinal  direction,  connecting  its  different  parts  with  each  other, 
forming  a communication  between  it  and  the  brain. 

The  spinal  nerves  are  given  off'  from  the  cord  at  regular  intervals 
and  in  symmetrical  pairs ; one  pair  for  each  successive  portion  ot  the 
body,  their  branches  being  distributed  to  the  integument  and  muscles 
of  the  corresponding  regions.  In  fish  and  serpents,  where  locomotion 
is  performed  by  means  of  simple,  alternating,  lateral  movements  of  the 
spinal  column,  the  cord  is  nearly  or  quite  uniform  in  size,  or  tapers 
gradually  from  its  anterior  to  its  posterior  extremity.  But  in  the  other 
vertebrate  classes,  where  the  body  is  provided  with  special  organs  of 
locomotion  as  fore  and  hind  limbs,  or  wings  and  legs,  the  cord  is  in- 
creased in  size  where  the  nerves  of  these  organs  are  given  off;  and  the 
nerves  supplying  the  limbs  are  larger  than  those  which  originate 
from  other  parts  of  the  cord.  In  man,  the  lower  cervical  nerves 
which  form  the  brachial  plexus  and  supply  the  arms,  and  the  sacral 
nerves  forming  the  sacral  plexus,  which  supplies  the  legs,  are  larger 
than  those  given  off  in  the  upper  cervical,  dorsal,  and  lumbar  regions. 
rrna  ™vrl  itself,  furthermore,  presents  two  marked  enlargements  cor- 
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as  the  “gray  commissure,”  in  the  centre  of  which  is  a narrow  longi- 
tudinal canal,  the  “ central  canal,”  but  little  over  0.2  millimetre  in  di- 
ameter, and  lined  internally  with  epithelium. 

The  anterior  and  posterior  portions  of  gray  substance,  in  each  lateral 
half  of  the  cord,  are  called  the  anterior  and  posterior  hums.  Imme- 
diately in  front  of  the  gray  commissure  is  a transverse  band  of  white 
substance,  the  “ white  commissure”  of  the  cord. 

The  spinal  nerves  originate  from  the  cord  on  each  side  by  two  dis- 
tinct sets  of  fibres,  forming  the  anterior  and  posterior  roots.  The 
anterior  root  (Fig.  148,  d)  passes  out  from  the  surface  of  the  cord  near 
the  extremity  of  the  anterior  horn  of  gray  matter.  The  posterior  root 
(e)  originates  at  a point  corresponding  with  the  posterior  horn  of  gray 
matter.  Both  roots  are  composed  of  a considerable  number  of  fibres, 
united  with  each  other  in  parallel  bundles.  The  posterior  root  is  dis- 
tinguished from  the  anterior  by  the  presence,  of  a small  rounded  mass 
of  gray  matter,  or  ganglion,  with  which  it  is  incorporated  and  through 
which  its  fibres  pass.  The  two  roots  unite  with  each  other  soon  after 
leaving  the  cavity  of  the  spinal  canal,  and  mingle  their  fibres  in  a common 
trunk. 

The  white  substance  of  each  lateral  half  of  the  spinal  cord  is  thus 
divided  into  three  portions  or  “ columns ;”  so  called  because  the  nerve 
fibres  composing  them  run,  for  the  most  part,  parallel  with  each  other, 
in  a longitudinal  or  vertical  direction.  The  portion  which  is  included 
between  the  anterior  median  fissure  and  the  origin  of  the  anterior  nerve 
roots  is  the  anterior  column ; that  between  the  anterior  and  posterior 
nerve  roots  is  the  lateral  column;  while  that  between  the  posterior 
nerve  roots  and  the  posterior  median  fissure  is  the  posterior  column. 
As  the  posterior  median  fissure  penetrates  deeply  into  the  substance  of 
the  cord,  quite  down  to  the  gray  substance,  the  posterior  columns  ap- 
pear entirely  separated  from  each  other  in  a transverse  section ; but  the 
anterior  median  fissure  is  more  shallow  and  stops  short  of  the  gray 
matter,  so  that  the  anterior  columns  are  connected  with  each  other  by 
the  white  commissure  above  mentioned. 

The  brain , or  “encephalon,”  is  that  portion  of  the  cerebro-spinal 
system  contained  in  the  cranial  cavity.  It  forms  a more  or  less 
rounded  mass  of  nervous  matter,  consisting,  as  in  the  spinal  cord,  of 
right  and  left  lateral  halves  which  remain  connected  with  each  other  by 
their  central  parts.  In  man  and  the  higher  vertebrate  animals,  it  pre- 
sents, above  and  behind,  two  principal  divisions,  namely,  the  cerebrum 
and  cerebellum,  which  are  composed  externally  of  a convoluted  layer  of 
gray  substance,  these  two  divisions  together  forming  at  least  nineteen- 
twentieths  of  the  whole  encephalon ; while  beneath  them  is  a smaller 
portion  composed  externally  of  white  substance,  like  the  spinal  cord,  and 
forming  the  communication  between  the  cord  below  and  the  brain  above. 
This  inferior  portion  is  called  the  “ isthmus,”  and  comprehends  the 
medulla  oblongata,  the  tuber  annulare,  and  the  peduncles  of  the  cere- 
brum. Beside,  however,  the  portion  visible  externally,  there  are,  in 
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each  of  these  divisions,  various  deep-seated  deposits  of  gray  substance, 
■which  are  concealed  by  the  overlying  parts. 

The  construction  of  the  brain,  as  a whole,  may  therefore  be  represented 
by  considering  it  as  a double  series  of  nervous  centres  or  deposits  of 
gray  substance,  of  varying  size  and  position,  connected  with  each  other 
and  with  the  spinal  cord  by  transverse  and  longitudinal  tracts  of  white 
substance.  The  number  and  relative  importance  of  these  nervous 
centres,  in  different  kinds  of  animals,  depend  upon  the  perfection  of  the 
bodily  organization  in  general,  and  more  especially  upon  the  develop- 
ment of  the  functions  and  capacities  connected  with  particular  parts  of 
the  nervous  system.  In  the  inferior  classes,  as  fish  and  reptiles,  the 
brain  is  more  simple  in  its  anatomical  characters  ; while  it  becomes  suc- 
cessively more  complicated  in  birds,  quadrupeds,  and  man. 

In  fish  and  reptiles  the  different  nervous  centres  of  the  brain  are  so 
distinctly  separated,  and  of  such  moderate  size,  that  they  are  frequently 
designated  as  “ ganglia.”  In  the  brain  of  the  alligator  (Fig.  149)  there 
are  five  pairs  of  these  ganglia,  arranged  one  behind  the  other  in  the 
cavity  of  the  cranium.  The  first  of  these  are  two  rounded  masses  (, ), 

lying  just  above  and  behind  the  nasal  cavi- 
ties, which  distribute  their  nerves  upon  the 
olfactory  membrane.  These  are  the  olfac- 
tory ganglia.  They  are  connected  with  the 
rest  of  the  brain  by  two  long  and  slender 
commissures,  the  “ olfactory  commissures.” 
The  next  pair  ( a ) are  somewhat  larger  and 
of  a triangular  shape,  when  viewed  from 
above  downward.  They  are  termed  the 
“ hemispherical  ganglia,”  or  the  hemispheres. 
and  correspond  to  the  “ cerebrum”  in  the 
higher  classes.  Immediately  following  them 
are  two  quadrangular  masses  (3)  which  give 
origin  to  the  optic  nerves,  and  are  therefore 
called  the  optic  ganglia.  They  are  termed 
also  the  “ optic  tubercles ;”  and  in  some  of 
the  higher  animals,  where  they  present  an 
imperfect  division  into  four  nearly  equal 
parts,  they  are  known  as  the  “tubeicula 
quadrigemina.”  Behind  them  is  a single  tii- 
angular  collection  of  nervous  mattei  ( < ) , the 
cerebellum.  Finally,  the  upper  portion  of  the  cord,  just  behind  and 
beneath  the  cerebellum,  is  seen  to  be  enlarged  and  spread  out  laterally 
so  as  to  form  a broad  oblong  mass(5),  the  medulla  oblongata.  It 
from  this  latter  portion  of  the  brain  that  the  pneumogastno  or  respira- 
tory nerves  originate,  and  its  ganglia  are  therefore  sometimes  termed 

the  “ pneumogastric”  or  “ respiratory”  ganglia. 

It  will  be  seen  that  the  posterior  columns  of  the  cord,  as  they  diverg 
laterally,  to  form  the  medulla  oblongata,  leave  between  them  an  open 


Brain  of  Alligator.— 
1.  Olfactory  ganglia.  2.  Hemi- 
spheres. 3.  Optic  tubercles.  1. 
Cerebellum.  5.  Medulla  oblon- 
gata. 
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Fig.  150. 


space  which  is  continuous  with  the  posterior  median  fissure  of  the 
cord.’  This  space  is  known  as  the  “ fourth  ventricle.”  It  is  partially 
covered  in  by  the  backward  projection  of  the  cerebellum,  but  in  the 
alligator  is  still  somewhat  open  posteriorly,  presenting  a kind  of  chasm 
or  o-ap  between  the  two  lateral  halves  of  the  medulla  oblongata. 

The  successive  ganglia  which  compose  the  brain,  being  ananged  in 
pairs  as  above  described,  are  separated  from  each  other  on  the  two 
sides  by  a longitudinal  median  fissure,  which  is  continuous  with  the 
posterior  median  fissure  of  the  spinal  cord.  In  the  brain  of  the  alligator 
this  fissure  appears  to  be  interrupted  at  the  cerebellum  ; but  this  is  due 
to  the  incomplete  development  ot  the 
lateral  portions  of  this  organ,  as  com- 
pared with  its  middle.  The  same  pe- 
culiarity is  to  be  seen  in  birds  and  in 
most  quadrupeds ; while  in  man  the 
lateral  portions  of  the  cerebellum  are 
so  highly  developed  as  to  project,  on 
each  side,  above  the  level  of  its  central 
part,  and  the  longitudinal  median  fis- 
sure, accordingly,  appears  complete 
throughout. 

In  birds  the  hemispheres,  or  cere- 
brum, are  of  comparatively  larger  size,  and  partially  or  completely  con- 
ceal the  optic  tubercles  in  a view  taken  from  above.  The  cerebellum  is 
■well  developed  in  this  class,  and  presents  on  its  surface  a number  of 


Brain  of  Pigbos- Profile  view. — 
1.  Cerebrum.  2.  Optic  tubercle.  3.  Ce- 
rebellum. 4.  Optic  nerve.  6.  Medulla 
oblongata. 


transverse  foldings  or  convolutions 
by  which  its  gray  substance  is  con- 
siderably increased  in  quantity.  The 
cerebellum  extends  so  far  backward  as 
to  completely  cover  the  medulla  ob- 
longata and  the  fourth  ventricle. 

In  quadrupeds  the  cerebrum  and 
the  cerebellum  attain  a still  greater 
size  as  compared  with  the  remain- 
ing parts  of  the  brain.  There  are 
also  two  other  collections  of  gray 
substance  on  each  side,  situated  in  the 
inferior  part  of  the  hemispheres,  ante- 
riorly to  the  tubercula  quadrigemina. 
These  are  the  “ corpora  striata”  in 
front,  and  the  “ optic  thalami”  behind. 
These  bodies  are  frequently  designated 
by  the  name  of  the  “ cerebral  gan- 
glia,” since  they  are  collections  of 
gray  matter  which  occupy  the  lower 
and  central  parts  of  the  cerebrum,  and 
intervene  between  the  tracts  of  white 


Fig.  151. 


Brain  of  Rabbit,  viewed  from 
above. — 1.  Olfactory  ganglia.  2 Homi- 
spherea  of  the  cerebrum,  turned  aside. 
3 Corpora  striata.  4 Optio  thalami. 
5.  Tubercula  quadrigemina.  6.  Cerebel- 
lum. 
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substance,  coming  up  from  below,  and  those  which  continue  upward  to 
the  convolutions  of  the  hemispheres.  The  cerebellum,  in  the  quadru- 
peds, is  somewhat  enlarged  by  the  increased  development  of  its  lateral 
portions,  and  shows  an  abundance  of  transverse  convolutions.  It  con- 
ceals from  view  the  fourth  ventricle  and  the  greater  part  of  the  medulla 


oblongata. 

In  the  more  highly  developed  quadrupeds,  the  cerebral  hemispheres 
increase  in  size  so  as  to  cover  more  or  less  completely  the  olfactoiy 
ganglia  in  front  and  the  cerebellum  behind.  Their  surface  also  becomes 
covered  with  numerous  convolutions,  which  are  mainly  longitudinal  or 
curvilinear  in  direction,  instead  of  being  transverse  as  in  the  cere- 


bellum. 

In  Man  the  development  of  the  cerebral  hemispheres  reaches  its 
highest  point,  so  that  they  preponderate  completely  over  all  the  other 
nervous  centres  in  the  cranial  cavity.  In  the  human  brain,  accoid- 
ingly,  when  viewed  from  above,  there  is  nothing  to  be  seen  but  the 
convex  convoluted  surface  of  the  hemispheres;  and  even  in  a posteiior 
view  they  conceal  everything  but  a portion  of  the  cerebellum.  The 
remaining  parts,  which  are  concealed  by  the  cerebrum  and  cerebellum, 
participate,  however,  in  the  structure  of  the  entire  encephalon,  and 
form,  as  in  the  lower  animals,  a series  of  associated  nervous  centres  and 
connecting  tracts  of  nerve  fibres. 

As  the  spinal  cord  passes  upward  into  the  cranial  cavity,  it  enlarges, 
by  a kind  of  lateral  expansion,  to  form  the  medulla  oblongata.  I his 
portion  of  the  cerebro-spinal  axis  is  distinguished  from  the  cord  below, 
not  only  by  its  external  form,  but  also  by  the  somewhat  different 
arrangement  of  its  gray  and  white  substance.  The  gray  substance, 
which  in  the  cord  presents  on  each  side,  m front  and  rear,  the  pro- 
tections of  the  anterior  and  posterior  horns,  recedes,  m the  medulla 
oblongata,  more  and  more  in  a backward  direction,  and  becomes  accu- 
mulated in  a nearly  single  mass  at  its  posterior  surface.  At  the  same 
time,  the  masses  of  white  substance  on  each  side  of  the  postenoi  median 
fissure,  which  in  the  cord  are  called  the  “posterior  columns,”  diverge 
from  each  other  at  an  acute  angle,  leaving  between  them  the  space  of 
the  fourth  ventricle,  and  assume  the  name  of  the  resliform  bodies. 
They  become  continuous  with  the  inferior  peduncles  of  the  cerebellum, 
and  send  some  of  their  fibres,  in  a radiating  direction,  into  the  white 
substance  of  the  cerebellum,  to  terminate  m the  gray  substance  of  its 
convolutions.  The  floor  of  the  fourth  ventricle,  thus  exposed  by  the 
divergence  of  the  posterior  columns,  is  formed  by  the  gray  substance 
of  the  medulla  oblongata,  which  is  accordingly  continuous  with  that 
the  cord,  although  it  has  a different  position  and  a different  form. 

Viewed  in  front,  the  medulla  oblongata  presents  two  longitudinal 
eminences  of  white  substance,  one  on  each  side  of  the  median  line,  the 
anterTor  pyramids,  which  take  the  place  of  the  anterior  columns  of  the 
cord  At  their  commencement  below,  the  anterior  pyramids  are  nan  ow, 
“„t  g,w  wider  a,  they  ascend.  At  their  lower  portion  they  enhdnt  a 
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remarkable  decussation , easily  seen  by  gently  separating  the  sides  of 
the  anterior  median  fissure,  formed  by  distinct  bundles  of  white  sub- 
stance crossing  the  median  line  obliquely,  from  below  upward  and  from 
side  to  side.  Thus  the  right  anterior  pyramid  is  formed  of  fibres  which 
come  from  the  left  side  of  the  cord,  and  the  lei t anteiioi  pyramid  oi 
those  which  come  from  the  right  side  of  the  cord. 


Fig.  152. 


Medulla  Oblongata  and  Base  of  the  Brain  in  Man — Anterior  view. — 
1.  Decussation  of  the  optic  nerves.  2,  2.  Middle  lobes  of  the  cerebrum.  3,  3.  Crura  cerebri. 
1 Tuber  annulare.  5,  5.  Lateral  lobes  of  the  cerebellum.  6.  Anterior  pyramid.  7.  Olivary 
body.  8.  Restiform  body.  (Hirschfeld.) 

Immediately  outside  of  the  pyramids,  in  a lateral  direction,  are  two 
elongated  oval  masses,  the  olivary  bodies , which  consist  externally  of 
white  substance,  but  internally  contain  each  a distinct  thin  convoluted 
layer  of  gray  substance,  resembling  in  miniature  the  convolutions  of  the 
cerebrum.  The  olivary  bodies  are,  therefore,  special  deposits  of  gray 
substance  in  the  anterior  portion  of  the  medulla  oblongata,  superadded 
to  the  rest  and  not  continuous  with  that  of  the  spinal  cord. 

At  the  upper  limit  of  the  medulla  oblongata  is  the  tuber  annulare , so 
called  because  it  forms  a ring-like  protuberance  at  this  part  of  the  base 
oi  the  brain.  Superficially,  when  viewed  in  front,  it  consists  of  trans- 
verse bundles  of  white  substance,  containing  fibres  passing  over,  in  an 
arched  form,  from  one  side  of  the  cerebellum  to  the  other,  and  decus- 
sating with  each  other  at  the  median  line.  Where  they  cross  the  tuber  annu- 
lare these  fibres  constitute  the  “pons  Varolii at  the  two  sides,  where 
they  pass  backward  to  the  cerebellum,  they  form  the  “ middle  peduncles 
of  the  cerebellum.” 
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Fig.  153. 


In  its  deeper  parts,  the  tuber  annulare  contains  longitudinal  tracts  of 
white  substance,  passing  upward  from  the  medulla  oblongata  toward 
the  cerebrum.  The  continuation  of  the  anterior  pyramids  in  front,  and 
the  remainder  of  the  longitudinal  bundles  of  the  medulla  oblongata 
behind,  pass  into  and  through  the  substance  of  the  tuber  annulare,  where 
they  are  mingled  with  an  irregular  diffused  deposit  of  gray  substance. 

From  the  upper  border  of  the  tuber  annu- 
lare, the  longitudinal  tracts  of  white  sub- 
stance emerge  in  the  form  of  two  thick, 
obliquely  diverging,  bundles  of  nerve  fibres, 
the  crura  cerebri , or  peduncles  of  the  brain. 
They  are  joined  posteriorly  by  other  longi- 
tudinal bundles  coming  from  the  cerebellum, 
known  as  the  “ anterior  peduncles  of  the 
cerebellum,”  which  are  the  organs  of  com- 
munication between  the  cerebellum  and  the 
cerebrum.  The  fibres  of  the  crura  cerebri, 
thus  constituted,  then  plunge  into  the  sub- 
stance of  the  two  collections  of  gray  matter 
known  as  the  “cerebral  ganglia,”  namely, 
the  corpora  striata  and  optic  thalami;  thus 
making  a connection  between  these  ganglia 
and  the  medulla  oblongata  and  spinal  cord 
below. 

Finally,  from  the  outer  and  upper  por- 
tions of  the  cerebral  ganglia,  the  nerve  fibres 
of  the  white  substance  radiate  in  all  direc- 
tions, following  a more  or  less  curvilinear 
course  from  within  outward,  until  they  reach 
the  gray  substance  of  the  convolutions  at 
the  surface  of  the  hemispheres.  The  cere- 
bral convolutions  of  the  two  sides  are  also 
united  by  the  transverse  fibres  of  the  cor- 
pus callosum. 

The  entire  brain  may,  therefore,  be  con- 
sidered as  a symmetrical  series  of  nervous  centres  connected  with  each 
other  and  with  the  spinal  cord  by  longitudinal  tracts  of  white  substance. 
They  occur  in  the  following  order:  1.  The  olfactory  lobes,  of  small  s.ze 
and  concealed  beneath  the  anterior  portion  of  the  brain  ; 2.  The  ceiebral 
hemispheres,  surrounding  and  covering  the  remaining  par  s iy 
lateral  and  posterior  extension;  3.  The  corpora  striata  4.  The  optic 
thalami,  and  5.  The  tubercula  quadrigemma,  occupying  the  centra  p 
tion  of  the  base  of  the  cerebrum,  and  resting  upon  6,  the  crura  cerebri, 
7.  The  tuber  annulare;  8.  The  cerebellum,  and  9.  The  mednU*  oblon- 
gata. Of  the  collections  of  gray  substance  just 

brum  and  cerebellum  only  are  convoluted  externally,  the  otheis  being 
either  smooth  and  rounded  or  irregular  in  form. 


MuDniiA  Oblongata, 
Tuber  Annulare,  and 
Crura  Cerebri.— The  super- 
ficial anil  deep  transverse  fibres 
of  the  tuber  annulare  have  been 
cut  away,  showing  the  continua- 
tion of  the  longitudinal  fibres  in 
its  interior.  1.  Decussation  of  the 
optic  nerves.  2.  Crus  cerebri.  3. 
Lateral  portion  of  the  pons  Va- 
rolii.  4.  Anterior  pyramid.  6.  Oli- 
vary body.  (Hirschfeld.) 
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It  is  not  to  be  supposed  that  the  nervous  communications  between 
the  successive  deposits  of  gray  matter  are  necessarily  of  so  simple  a , 
character  as  those  represented  in  Fig.  154.  This  is  only  a diagram, 
representing  the  general  fact  of  the  longitudinal  connection  existing 

m 

a r* 

Fig.  154.  0 m 


Diagramatic  Section  of  Human  Brain  ; showing  the  situation  of  the  nervous 
centres  and  the  longitudinal  tracts  of  white  substance.— 1.  Olfactory  lobe.  2, 2.  Convolutions 
of  the  cerebral  hemispheres.  3.  Corpus  striatum.  4.  Optic  thalamus.  5.  Tubercula  quadri- 
gemina.  6.  Crura  cerebri.  7.  Tuber  annulare.  8.  Cerebellum.  9.  Medulla  oblongata. 

between  the  spinal  cord  and  the  different  parts  of  the  encephalon.  It 
is  by  no  means  certain  that  all  or  any  of  the  fibres  of  the  cord  run  con- 
tinuously through  the  medulla  oblongata,  the  tuber  annulare,  and  the 
cerebral  ganglia,  to  the  gray  matter  of  the  convolutions.  On  the  con- 
trary, careful  examination  of  successive  microscopic  sections  by  the  best 
observers  have  failed  to  show  such  a direct  continuity.  It  appears  more 
probable  that  the  fibres  coming  from  the  spinal  cord  terminate  in  the 
medulla  oblongata,  and  that  other  fibres  originating  from  the  gray  matter 
of  the  medulla  pass  upward,  partly  to  the  cerebellum  and  partly  to  the 
corpora  striata  and  optic  thalami ; while  other  fibres  still,  originating 
from  these  ganglia,  diverge  thence  to  form  the  connection  between  them 
and  the  cerebral  convolutions.  According  to  this  view,  the  longitudinal 
tracts  of  white  substance  consist  of  nerve  fibres  which  are  interrupted 
in  their  course  by  the  nerve  cells  of  different  deposits  of  gray  matter, 
so  that  an  impression  or  impulse  conveyed  from  one  to  the  other  is  not 
the  same  throughout  its  course,  but  is  modified  by  the  action  of  the 
nervous  centres  which  successively  receive  and  transmit  it. 

Each  portion  of  the  cerebro-spinal  axis  has  its  right  and  left  halves 
connected  with  each  other  by  transverse  commissures,  and  sends  out 
nerves,  containing  motor  and  sensitive  fibres,  to  corresponding  regions 
of  the  body.  The  spinal  cord  supplies  the  integument  and  muscles  of 
the  neck,  trunk,  and  extremities.  The  medulla  oblongata  sends  out 
motor  and  sensitive  nerves  to  the  muscles  of  the  head  and  face,  and  to 
the  skin  and  mucous  membranes  of  the  same  region;  while  it  also  sup- 
29 
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plies  nerves  of  a special  character  to  the  mucous  and  muscular  coats  of 
the  pharynx,  oesophagus,  and  stomach,  and  to  tliose  of  the  organs  of 
respiration  in  the  neck  and  thorax.  From  the  medulla  oblongata  and 
the  inferior  or  central  parts  of  the  brain,  are  also  supplied  the  nerveB 
destined  for  the  organs  of  special  sense. 

In  every  region  of  the  cerebro-spinal  system,  the  two  functions  of 
sensibility  and  motion  are  associated  with  each  other  by  means  of  the 
gray  substance  of  the  nervous  centres.  In  the  spinal  cord  the  gray 
substance  is  continuous  and  of  nearly  the  same  configuration  through- 
out. In  the  different  parts  of  the  brain  it  presents  itself  under  the  form 
of  more  or  less  distinct  deposits,  of  varying  form  and  size.  In  either 
of  these  parts  a reflex  action  may  take  place  independently  of  those 
beyond,  and  calling  into  operation  the  special  functions  of  the  nervous 
centre  involved.  But  a nervous  action  may  also  pass  through  the  entire 
series,  by  the  longitudinal  connections  of  the  cord,  medulla  oblongata, 
tuber  annulare,  and  cerebral  ganglia,  and  thence  through  the  radiating 
fibres  of  the  white  substance  to  the  cortical  layer  of  the  cerebral  convo- 
lutions. This  layer  may  be  regarded  as  a sort  of  concave  mirror,  where 
the  impressions  coming  from  without  are  finally  received  and  reflected, 
in  the  form  of  conscious  sensation  and  intelligent  voluntary  acts ; the 
whole  nervous  mechanism  of  the  cerebro-spinal  system  being  thus  called 
into  operation  at  the  same  time. 


CHAPTER  IY. 

THE  SPINAL  CORD. 

The  spinal  cord  is  that  part  of  the  cerebro-spinal  system  which  is 
contained  within  the  spinal  canal,  and  which  sends  its  nerves  to  the 
muscles  and  integument  of  the  trunk  and  limbs.  It  consists  externally 
of  white  substance,  forming  longitudinal  tracts  of  nerve  fibres,  the  con- 
tinuations of  which  make  connection  with  those  of  the  brain  above  ; and 
internally  of  gray  substance  arranged  in  two  symmetrical  bands  occupy- 
ing the  central  portions  of  its  right  and  left  lateral  halves.  It  is  so 
constituted,  therefore,  as  to  act  in  a double  capacity:  First,  as  an  organ 
of  nervous  communication  between  the  brain  and  the  external  paits ; 
and  secondly,  as  an  independent  nervous  centre,  with  endowments  and 
functions  of  its  own. 

Arrangement  of  Gray  and  White  Substance  in  the  Spinal  Cord. 

The  mutual  relations  of  the  gray  and  white  substance  form  the  neces- 
sary basis  for  a complete  physiological  anatomy  of  this  part  of  the 
nervous  system.  The  connections  of  the  nerve  fibres  with  the  cells  of 
the  gray  substance  and  with  various  parts  of  the  longitudinal  columns, 
as  well  as  those  of  the  different  nerve  cells  with  each  other,  are  the  most 
important  for  this  purpose.  It  has  not  yet  been  possible  to  make  out 
these  connections  with  certainty  for  all  parts  of  the  cord  ; but  much  has 
been  accomplished  in  this  respect  by  the  examination  of  microscopic 
sections  made  in  various  directions,  after  hardening  the  tissues  of  the 
cord  in  alcohol  or  in  weak  solutions  of  chromic  acid  or  potassium  bichro- 
mate, and  by  making  the  fibres  and  cells  more  distinct  by  means  of 
staining  preparations.  With  regard  to  the  relative  proportions,  in  dif- 
ferent parts  of  the  cord,  of  its  two  constituent  elements,  it  is  evident, 
as  shown  by  Kolliker  and  Gerlach,  that  the  gray  substance  is  increased 
in  quantity  at  the  situation  of  the  cervical  and  lumbar  enlargements, 
and  that  the  white  substance,  on  the  other  hand,  diminishes  gradually, 
from  its  upper  to  its  lower  extremity.  This  fact  corresponds  with  the 
known  physiological  relations  of  the  cord  ; namely,  that  by  its  gray  sub- 
stance it  acts  as  a nervous  centre  for  the  corresponding  regions  of  the 
body ; and  also  that  the  fibres  of  its  white  substance  form  communica- 
tions between  the  parts  above  and  the  spinal  nerves  which  are  given 
off  below. 

The  Gray  Substance. — The  gray  substance  in  the  spinal  cord,  as 
elsewhere,  consists  of  a mixture  of  nerve  cells  and  nerve  fibres,  of  which 
the  nerve  cells  are  the  peculiar  and  distinctive  element.  They  are  all 
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“ multipolar”  cells ; that  is,  they  send  out  several  prolongations  in  vari- 
ous directions,  transverse,  longitudinal  and  oblique,  most  of  which  are 
abundantly  subdivided  and  terminate  in  minute  ramifications,  while  a 
single  one  frequently  continues  its  course  for  a long  distance  undivided, 

Fig.  155. 


Transverse  Section  op  the  Spinal  Cord;  lower  cervicRl  region.— 1.  Anterior 
median  fissure;  immediately  behind  it  are  Been  the  decussating  fibres  of  the  white  commis- 
sure. 2.  Central  canal,  situated  in  the  middle  of  the  gray  commissure.  3.  Posterior  median 
fissure.  4,4.  Anterior  columns  of  white  substance.  6,5.  Posterior  columns.  6,6.  Lateral 
columns.  7,  7.  Anterior  horns  of  gray  substance.  8,  8.  Posterior  horns.  9,  9.  Anterior 
nerve  roots.  10,  10.  Posterior  nerve  roots. 

and  assumes  the  appearance  of  an  axis  cylinder.  They  vary  in  form 
and  size  in  different  parts  of  the  gray  substance.  The  most  remaikable 
of  these  cells  are  situated  in  the  anterior  horns,  where  they  are  dis- 
tinguished by  their  large  size,  being,  according  to  the  measuiements  of 
Kolliker,  from  61  to  135  mmm.  in  diameter,  the  largest  known  cells  in 
the  nervous  system.  They  are  arranged  in  two  or  three  more  or  less 
distinct  groups  near  the  extremity  and  outer  portion  of  the  anterior 
horns.  Beside  these  there  are  found  scattered  everywhere  in  the  gray 
substance,  but  more  abundantly  in  the  posterior  horns , nerve  cells  which 
are  much  smaller  in  size  than  the  preceding,  but  of  similar  form  and 
provided  with  similar  branching  prolongations.  The  anterior  and  pos- 
terior horns  are  not  therefore  absolutely  distinguished  from  each  other 
by  tbe  character  of  their  nerve  cells,  but  only  by  the  relative  proportions 
of  their  size  and  numbers;  since  a few  cells  of  comparatively  large  size 
are  found  in  the  posterior  horns,  and  the  smaller  ones  exist  m both 

situations. 
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The  nerve  fibres  of  the  gray  substance  are,  in  general,  of  much 
smaller  diameter  than  those  of  the  white  substance,  but  otherwise  pre- 
sent the  same  anatomical  characters.  Most  of  them  run  in  a horizontal 
transverse,  antero-posterior,  or  radiating  direction.  They  consist,  first, 
of  fibres  which  have  penetrated  into  the  gray  substance  from  the  ante- 
rior and  posterior  roots  of  the  spinal  nerves;  secondly,  of  fibres  which 
cross  the  median  line  in  the  gray  commissure,  from  one  side  of  the  cord 
to  the  other,  thus  forming  a commissural  connection  between  the  two 
lateral  halves  of  the  gray  substance ; and,  thirdly,  of  fibres  which  run 
in  a great  variety  of  directions  with  regard  to  each  other,  and  of  which 
the  origin  and  terminations  are  unknown. 

The  White  Substance. — The  white  substance  of  the  spinal  cord  con- 
sists of  nerve  fibres,  the  large  majority  of  which  run  in  a longitudinal 
direction,  forming  tracts  or  “columns,”  designated,  according  to  their 
situation,  by  the  names  of  the  anterior , lateral , and  posterior  columns 
of  the  cord.  In  transverse  sections  of  the  cord  which  have  been  prop- 
erly hardened,  the  longitudinal  fibres  are  readily  distinguished  by  their 
presenting  the  circular  outline  of  a minute  cylinder  cut  across;  while 
those  which  are  horizontal  or  oblique  are  seen  in  profile  for  a longer  or 
shorter  distance  in  the  preparation. 

The  anterior,  lateral,  and  posterior  columns  consist  almost  exclu- 
sive^ of  longitudinal  fibres.  But  at  the  bottom  of  the  anterior  median 
fissure  there  is  a band  of  white  substance,  the  fibres  of  which  run  hori- 
zontally across  from  the  inner  portions  of  each  anterior  column  to  the 
opposite  side  of  the  cord.  This  is  called  the  white  commissure  of  the 
cord;  but  the  name  is  not  entirely  appropriate,  since  its  fibres  do  not 
form  a connection  between  exactly  corresponding  parts  on  the  right  and 
left  sides.  According  to  both  Kolliker  and  Gerlach,  the  fibres  which 
pass  across  at  the  median  line  from  the  right  anterior  column  spread 
out  in  the  gray  substance  of  the  left  anterior  horn ; and  those  coming 
from  the  left  anterior  column  spread  out  in  the  gray  substance  of  the 
right  anterior  horn.  The  transverse  fibres,  accordingly,  of  the  white 
commissure  connect  the  right  and  left  anterior  columns  respectively 
with  the  gray  substance  of  the  opposite  side  of  the  cord. 

Counting  the  transverse  fibres,  therefore,  of  both  the  gray  and  the 
white  commissures,  it  may  be  said  that  there  is  a direct  bilateral  con- 
nection, by  means  of  communicating  nerve  fibres,  between  the  right 
and  left  halves  throughout  the  length  of  the  cord;  but  it  is  not  possible 
to  determine,  with  precision,  the  exact  origin  or  termination  of  the  indi- 
vidual fibres  by  which  this  connection  is  made. 

Connection  of  the  Spinal  Nerve-roots  with  the  Spinal  Cord. — The 
fibres  of  the  anterior  roots  of  the  spinal  nerves  are  distinguished  from 
those  of  the  posterior  by  their  relatively  larger  size ; but  on  penetrating 
into  the  white  substance  of  the  cord,  their  diameter  is  diminished,  and 
they  assume  all  the  characters  of  the  central  nerve  fibres.  They  then 
pass  inward,  in  a horizontal  or  oblique  and  backward  direction,  and 
reach  the  gray  substance  of  the  anterior  horn. 
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The  exact  termination  of  the  nerve  fibres  in  the  gray  substance  of  the 
cord  is  a matter  of  much  importance,  but  which  is  not  yet  fully  eluci- 
dated. The  strong  probability  is  that  some  ol  the  fibres  of  the  anterior 
nerve  roots  are  directly  connected  with  radiating  nerve  cells  in  this 
locality  by  means  of  the  long  axis-cylinder  processes  of  these  cells ; but 
the  most  accomplished  and  careful  microscopists  have  found  it  impos- 
sible to  actually  see  this  connection.  Its  probability  rests  upon  the 
facts  that,  first,  the  long  processes  of  the  nerve  cells  in  the  anterior 
horns  closely  resemble,  as  their  name  indicates,  the  axis-cylinder  of  the 
nerve  fibres ; and,  secondly,  these  processes  arc  often  seen,  in  horizontal 
or  antero-posterior  vertical  sections,  to  pass  forward  toward  the  origin 
of  the  anterior  root  fibres,  and  emerge,  in  company  with  them,  from  the 
gray  into  the  white  substance  of  the  cord.1  Beside  these  fibres,  how- 
ever, others,  forming  a part  of  the  anterior  nerve  roots,  pass  distinctly, 
according  to  Kolliker,  from  the  gray  substance  of  the  anterior  horn  into 
the  white  commissure,  and  thence,  crossing  the  median  line,  into  the 
anterior  column  of  white  substance  on  the  opposite  side ; while  others, 
radiating  backward  and  outward,  may  be  seen  to  emerge  from  the  ex- 
ternal border  of  the  gray  substance,  and  to  join  the  longitudinal  fibres 

of  the  lateral  column  on  the  same  side. 

Thus  it  is  certain  that  the  immediate  connection  of  all  the  fibres  ot 
the  anterior  nerve  roots  is  with  the  gray  substance  of  the  anterior 
horn  • but  some  of  them  pass  subsequently  to  the  anterior  column  o 
the  opposite  side  of  the  cord,  others  to  the  lateral  column  of  the  same 

81  The  posterior  roots  are  distinguished  from  the  anterior,  first,  by  the 
generally  smaller  size  of  their  nerve  fibres;  secondly,  by  the  presence 
of  the  ganglia,  known  as  the  “ spinal  ganglia,”  or  the  ganglia  of  the 
spinal  nerve  roots.  The  gray  substance  of  these  ganglia  contains  nerve 
cells  which  are  distinguished  from  those  of  the  spinal  cord  by  not  pos- 
sessing ramified  prolongations.  They  present  however,  often  one, 
sometimes  two  or  more,  pale,  unbranched  axis-cylinder  processes,  which 
subsequently  become  continuous  with  medullated  nerve  fibres,  running 
outward  with  the  other  nerve  fibres  toward  the  periphery.  These  ga  g 
therefore  give  origin  to  additional  nerve  fibres,  which  afterwaid  form 
part  of  the  trunk  of  the  -pinal  nerve.  The  fibres  of  the  posterior  nerve 
roots  on  the  contrary,  coming  from  the  spinal  cord,  according  to  Kolli- 
ker,  only  traverse  the  gray  matter  of  the  ganglion,  without  making  any 

anatomical  connection  with  its  substance.  between 

The  fibres  of  the  posterior  roots,  on  entering  the  spinal  cord,  between 

its  posterior  and  lateral  columns,  pass  into  the  posterior  horns  of  Br.y 
matter  • after  which  some  of  them  change  their  direction  and  become 
longitudinal,  still  remaining  in  the  gray  substance,  others  become  trans- 

• Kolliker,  Elements  d’Histologie  Humaine.  Paris,  1868  Pi343.  Geriaeh  m 
Strieker’s  Manual  of  Histology,  Buck’s  edition.  New  York,  18.2,  pp.  636,  63u 
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verse,  passing  into  both  the  gray  and  white  commissures,  while  others 
lose  themselves  in  the  gray  substance  of  the  posterior  and  even  of  the 
back  part  of  the  anterior  horns. 

The  connection  of  the  anterior  and  posterior  root  fibres  of  the  spinal 
nerves  with  the  cord  is  therefore  not  exactly  the  same ; but  they  both, 
so  far  as  known,  first  reach  the  gray  matter,  where  a portion  of  them 
terminate,  or  at  least  escape  further  observation,  while  the  rest  partly 
become  longitudinal  on  the  same  side,  and  partly  cross  over  to  tbe 
opposite  side  of  the  spinal  cord. 

Transmission  of  Motor  and  Sensitive  Impulses  in  the  Spinal  Cord  and 

Nerves. 

The  experimental  methods  adopted  for  determining  the  functions  of 
different  parts  of  the  nervous  system  are  twofold  ; first,  by  applying  an 
artificial  stimulus  to  the  nerve  or  nervous  tract,  and  observing  the  effect 
which  is  produced ; secondly,  by  dividing  or  destroying  it,  and  seeing 
what  nervous  function  is  abolished  in  consequence  of  the  operation.  In 
the  peripheral  parts  of  the  nervous  system,  and  in  those  generally  which 
serve  as  simple  organs  of  transmission,  both  these  methods  yield  defi- 
nite and  positive  results.  In  the  central  parts,  they  are  sometimes 
complicated  by  the  peculiar  properties  or  the  mutual  reactions  of  the 
gray  and  white  substance. 

Motor  and  Sensitive  Transmission  in  the  Spinal  Nerves  and  Nerve 

Roots. If  the  spinal  canal  of  a living  animal  be  opened,  and  a mechanical 

or  galvanic  stimulus  be  applied  to  the  anterior  root  alone  of  a spinal 
nerve,  the  effect  of  this  irritation  is  a convulsive  movement  of  the  part 
to  which  the  nerve  is  distributed.  The  muscular  contraction  is  imme- 
diate, involuntary,  and  instantaneous  in  duration ; and  is  repeated  with 
mechanical  precision  each  time  the  stimulus  is  applied.  It  is  usually 
unaccompanied  by  any  indication  of  sensibility,  and  is  evidently  a 
direct  result  of  the  excitement  of  the  nerve  fibres  of  the  anterior  root. 
This  root  is  therefore  said  to  be  “ excitable,”  because  its  irritation 
excites  a movement  in  the  corresponding  parts. 

Furthermore,  if  the  anterior  root  of  a spinal  nerve,  under  the  same 
circumstances,  be  cut  across,  the  remaining  nervous  connections  being 
left  untouched,  the  i*esult  is  an  immediate  and  total  paralysis  of  volun- 
tary movement  in  the  muscles  to  which  that  nerve  is  distributed.  At 
the  same  time,  the  power  of  sensibility  is  undiminished,  and  the  animal 
is  still  capable  of  feeling  the  contact  of  foreign  bodies,  or  a galvanic  cur- 
rent applied  to  the  skin,  as  before.  If  the  anterior  roots  of  a series  of 
spinal  nerves  be  thus  divided,  as,  for  example,  those  of  all  the  lumbar 
and  sacral  nerves  on  one  side,  the  above  effect  will  be  produced  for  an 
entire  corresponding  region  of  the  body,  and  the  whole  posterior  limb 
on  that  side  will  lose  the  power  of  voluntary  motion  while  retaining  its 
sensibility.  This  is  not  due  to  any  loss  of  the  physiological  properties 
of  either  the  nerve  or  the  muscles,  since  irritation  of  the  nerve  or  nerve 
root,  outside  the  point  of  section,  still  produces  muscular  contraction  as 
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before.  All  these  facts  prove  that  the  path  by  which  impulses  for  vol- 
untary motion  pass,  from  the  brain  and  spinal  cord  to  the  muscles,  is 
exclusively  the  anterior  root  of  the  spinal  nerve. 

On  the  other  hand,  if  the  posterior  root  be  irritated,  by  pinching, 
pricking,  or  galvanism,  a sensation  is  produced,  more  or  less  acute  ac- 
cording to  the  amount  and  quality  of  the  irritation  applied.  This  sen- 
sation, when  of  a certain  intensity,  is  accompanied  by  movements.  But 
these  movements  are  general  and  not  necessarily  confined  to  the  part  to 
which  the  nerve  is  distributed;  and  if  the  corresponding  anterior  root 
have  been  previously  divided,  this  part  will  remain  motionless,  while 
muscular  contractions  continue  to  be  produced  elsewhere.  The  move- 
ments which  follow  irritation  of  the  posterior  root,  accordingly,  are 
not  produced  directly  by  its  influence,  but  are  caused  indirectly  by 
the  reaction  of  the  nervous  centres.  The  only  immediate  result  of  irri- 
tation of  a posterior  nerve  root  is  a sensation,  and  this  root  is  therefore 
said  to  be  “ sensitive.” 

Furthermore,  if  the  posterior  root  be  divided,  the  consequence  is  a 
loss  of  the  power  of  sensation  in  the  corresponding  region  of  the  body. 
Here  also  the  effect  is  simply  to  cut  off  the  medium  of  communica- 
tion between  the  integument  and  the  nervous  centres ; since  irritation 
of  that  part  of  the  divided  nerve  which  is  still  attached  to  the  spinal 
cord  produces  a sensation  as  before.  Thus  the  channel  of  communica- 
tion for  sensitive  impressions,  in  this  part  of  the  nervous  system,  is 


exclusively  the  posterior  root  of  the  spinal  nerve. 

But  just  beyond  the  situation  of  the  spinal  ganglia,  the  two  roots 
unite  to  form  the  trunk  of  the  spinal  nerve.  Here,  the  fibres  of  the 
anterior  and  those  of  the  posterior  root  become  intimately  mingled,  and 
inclosed  within  the  neurilemma  in  such  close  juxtaposition  that  they 
can  no  longer  be  separately  irritated  by  artificial  means.  They  pass, 
still  associated  in  this  manner,  into  the  branches  and  subdivisions  of 
the  nerve ; and  only  finally  separate  from  each  other  at  its  terminal 
ramifications,  where  the  sensitive  fibres  are  distributed  mainly  to  the 
integument  and  the  motor  fibres  to  the  muscles. 

The  trunk  and  branches  of  a spinal  nerve,  therefore,  outside  the 
spinal  canal,  contain  both  sensitive  and  motor  fibres,  and  it  is  conse- 
quently said  to  be  a “ mixed”  nerve.  It  is  both  excitable  and  sensitive, 
since  its  artificial  irritation  causes  at  the  same  time  sensation  and  con- 
vulsive movement;  and  if  it  be  divided,  this  injury  is  followed  by  the 
loss  of  both  sensibility  and  voluntary  motion  in  the  corresponding 
parts  It  is  also  important  to  remember  that,  in  all  these  instances  of 
section  of  the  trunk,  or  branches,  or  anterior  or  posterior  roots  of  a 
spinal  nerve,  the  consequent  loss  of  sensibility  or  motion  is  permanent 
while  the  injury  lasts ; and  the  nervous  functions  are  not  restored  until 
the  divided  nerve  fibres  have  reunited,  and  have  again  acquired  then 
natural  continuity  of  texture.  This  shows  that  the  suspension  of  func- 
tional activity  is  directly  due  to  the  division  of  the  nerve  fibres,  and  is 
not  produced  by  the  sympathetic  action  of  other  parts. 
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Motor  and  Sensitive  Transmission  in  the  Spinal  Cord. — The  simplest 
fact  determined,  in  this  respect,  both  by  experimental  research  and 
pathological  observation,  is  that  the  spinal  cord  is  the  exclusive  organ 
of  communication  between  the  brain,  on  the  one  hand,  and  the  external 
organs  of  sensation  and  motion,  on  the  other;  since  if  it  be  divided  by 
a transverse  section,  or  compressed  by  fractured  bone,  or  disorganized 
bj'  diseased  action  at  any  part  of  its  length,  the  result  is  a complete 
loss  of  voluntary  motion  and  sensibility  in  the  muscles  and  integument 
below  the  point  of  injury.  The  general  nervous  function,  performed  by 
the  cord  as  a whole,  is  therefore  easily  and  completely  demonstrated, 
and  is  not  subject  to  any  doubtful  interpretation. 

But  the  precise  path  which  is  followed  by  the  motor  and  sensitive 
impulses  respectively  in  different  parts  of  the  spinal  cord  is  much  less 
easy  of  determination  than  in  the  two  sets  of  nerve  roots.  The  fibres 
of  the  nerve  roots  pass  directly  to  the  gray  matter  in  the  interior  of  the 
cord ; and  their  subsequent  course  has  not  been  completely  followed  by 
microscopic  examination.  The  white  substance  of  the  cord,  at  least  in 
the  lateral  columns,  is  partly  formed  of  fibres  which  come  from  the 
nerve-roots  ; but  the  greater  part  of  both  anterior,  lateral,  and  posterior 
columns  may  consist  of  fibres  which  originate  in  the  gray  matter,  and 
thus  form  secondary  tracts  of  communication  between  it  and  the  brain. 
The  close  juxtaposition  and  continuity  of  texture  between  the  gray 
substance  and  the  various  columns  of  white  substance  in  the  spinal 
cord  give  it  a more  or  less  complicated  structure ; and  the  investigation 
of  the  functional  endowments  of  its  different  parts  has  yielded  results 
which  are  less  simple  and  uniform  than  in  the  case  of  the  nerves  and 
the  nerve  roots.  The  methods  and  objects  of  the  investigation,  however, 
are  the  same  in  both  instances ; and  are  intended  to  ascertain  the 
following  points,  namely,  first,  what  parts  of  the  spinal  cord  are  found 
to  be  sensitive  or  excitable  under  the  application  of  an  artificial 
stimulus?  and  secondly,  what  parts  act  as  the  natural  channels  of 
transmission  for  the  two  functions  of  sensation  and  motion  ? The 
latter  of  these  questions  is  the  more  important  in  a purely  physiological 
point  of  view ; but  the  former  is  also  of  consequence  as  a guide  in 
experimental  research,  and  also  for  the  explanation  of  many  pathological 
phenomena. 

I.  What  parts  of  the  Spinal  Cord  are  sensitive  or  excitable  under  the 
. influence  of  artificial  stimulus  ? 

When  the  spinal  canal  is  opened  in  the  living  animal,  the  first  por- 
tions of  the  cord  which  present  themselves  for  examination  are  the 
posterior  columns.  The  irritation  of  these  columns  by  artificial  stimu- 
lus, according  to  the  united  testimony  of  all  observers,  produces  evident 
signs  of  sensibility  in  the  animal.  It  is  also  found  by  experimenters 
generally  that  this  sensibility  is  most  marked  in  the  immediate  neigh- 
borhood of  the  attachment  of  the  posterior  nerve  roots,  while  at  the 
greatest  distance- from  this  point,  namely,  at  the  inner  edge  of  the  poste- 
rior columns,  on  each  side  of  the  median  line,  their  sensibility  may  be 
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nearly  absent.  It  is  evident  that  the  sensibility  of  the  posterior  columns 
is  largely  due  to  the  presence  of  fibres  of  the  posterior  nerve  roots, 
which  may  be  included  in  the  irritation,  and  many  of  which  traverse  the 
outer  portion  of  the  posterior  columns  horizontally  in  their  passage 
toward  the  gray  matter.  The  only  discrepancy  on  this  subject  is  in 
regard  to  the  question  whether  the  fibres  of  the  nerve  roots  are  the  only 
sources  of  sensibility  for  the  posterior  columns,  or  whether  the  longitu- 
dinal fibres  of  the  columns  themselves  are  also  sensitive.  According  to 
some  authors  (Yan  Deen,  Brown-S6quard,  Poincar<$),  the  posterior 
columns  have  no  sensibility  of  their  own,  but  only  what  is  due  to  that 


of  the  posterior  nerve  roots;  since  if  these  roots  be  torn  out,  initation 
of  the  posterior  columns  no  longer  produces  any  perceptible  sensation. 

In  the  experiments  of  Schiff  and  Vulpian,  on  the  other  hand,  the  poste- 
rior columns,  after  being  divided  by  a transverse  section,  and  then 
separated  from  the  adjacent  parts  for  a distance  of  several  centimetres 
in  front  of  the  point  of  section,  still  indicate  the  existence  of  sensi- 
bility when  subjected  to  irritation.  Irritation  of  the  posterior  columns, 
like  that  of  sensitive  tracts  generally,  produces  also  movements  in  va- 
rious parts ; but  these  movements  are  reflex  in  character,  and  are  simply 
the  signs  of  an  irritation  communicated  to  the  nervous  centres. 

Sensibility  also  exists,  according  to  Yulpian,  in  that  portion  of  the 
lateral  columns  which  is  contiguous  to  the  outer  edge  of  the  posterior 
columns,  and  to  the  line  of  attachment  of  the  posterior  nerve  roots. 
But  as  the  irritation  is  applied  to  points  farther  forward,  the  signs  of 
sensibility  in  the  lateral  columns  rapidly  diminish,  and  soon  disappear 
altogether.  In  all  these  parts,  of  both  posterior  and  lateral  columns,  the 
sensibility,  as  found  by  all  observers,  is  most  marked,  or  even  exclu- 
sively situated,  in  their  superficial  portions ; and  experimenters  are  also 
o-enerally  agreed  that  the  gray  substance  of  the  cord,  throughout,  is 
destitute  of  sensibility  to  the  application  of  any  ordinary  artificial 

stimulus.  • • i 

Whatever  minor  points,  therefore,  may  remain  m doubt,  the  prmcipa 

fact  is  unquestioned,  namely,  that  the  posterior  parts  of  the  spinal  cord 
consisting  of  the  posterior  columns  and  the  adjacent  parts  of  the  lateial 
columns,  are  sensitive  to  external  irritation,  especially  at  their  surface; 
and  accordingly  inflammation  of  the  meninges,  or  other  diseased  action 
in  this  locality,  may  be  accompanied  by  painful  irritation  of  the  spinal 
cord  The  irritation  thus  produced  is  still  more  liable  to  cause  pain,  on  - 
account  of  the  attachment  at  the  surface  of  the  cord  of  the  posterior 
nerve  roots,  which  are  themselves  acutely  sensitive.  _ 

The  properties  shown  by  the  anterior  columns  on  the  application  of 
artificial  stimulus  are,  on  the  whole,  quite  different  from  those  of  t e 
posterior  columns.  There  is  some  difference  m the  results  obtained  m 
this  respect  by  different  experimenters.  This  difference  mainly  con- 
sists in  the  fact  that,  according  to  the  large  majority  (Magendie,  Longet 
Bernard,  Brown-Sdquard,  Yulpian,  Flint) 

columns  produces  convulsive  movement  in  the  parts  below , while 
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others  (Calmeil  and  Chauveau)  have  found  these  columns  quite  inexcita- 
ble,  and  incapable  of  causing  muscular  contraction.  But  in  such  in- 
stances experiments  -with  a positive  result  are  much  more  decisive  than 
those  which  are  merely  negative,  since  the  natural  excitability  of  the 
anterior  columns  might  be  temporarily  suspended  by  the  operation  of 
opening  the  spinal  canal,  or  other  incidental  conditions ; but  nothing 
of  this  kind  could  confer  upon  them  a property  which  they  did  not 
naturally  possess. 

Yulpian  has  shown1  that,  if  in  the  living  animal  the  spinal  cord  be 
divided  transversely,  and  both  posterior  and  lateral  columns,  together 
with  the  anterior  and  posterior  nerve  roots,  separated  from  it  for  a 
distance  of  four  or  five  centimetres  below  the  point  of  section,  leaving 
this  portion  of  the  cord  to  consist  of  the  anterior  columns  and  the 
gray  substance  only,  irritation  of  the  anterior  columns,  thus  isolated, 
will  still  produce  convulsive  movement  in  the  parts  below. 

There  can  be  no  doubt,  accordingly,  of  the  excitability  of  the  anterior 
columns.  This  excitability,  which  produces  simple  convulsive  move- 
ments in  the  parts  below,  is  also  in  most  instances  unaccompanied  by 
pain  or  other  evidences  of  sensibility.  The  absence  of  pain,  in  cases 
where  the  convulsive  action  is  well  marked,  has  been  especially  noticed 
by  Flint,'2  and  is  also  mentioned  by  various  other  writers. 

The  sensibility  of  these  parts  which  has  sometimes  been  observed  is 
comparatively  slight  in  degree,  and  is  frequently  altogether  suspended 
or  abolished  by  the  opening  of  the  vertebral  canal  and  the  exposure  of 
the  spinal  cord. 

The  lateral  columns  are  also  excitable  in  their  anterior  portions,  near 
the  attachment  of  the  anterior  nerve  roots ; while  as  we  approach  their 
posterior  portions,  this  direct  excitability,  according  to  Yulpian,  dimin- 
ishes in  degree,  and  gradually  gives  place  to  the  phenomena  of  sensi- 
bility characteristic  of  the  posterior  parts  of  the  cord. 

The  anterior,  lateral,  and  posterior  columns  of  the  cord  are  not  there- 
fore absolutely  limited  and  distinguished  from  each  other  by  their 
physiological  properties.  The  fibres  of  the  anterior  and  posterior  nerve 
roots  pass  in  horizontally  between  the  longitudinal  fibres  of  the  adjacent 
columns ; but  both  the  anterior  and  lateral  columns,  on  each  side  of  the 
anterior  nerve  roots,  are  excitable  and  produce  movement  on  being  irri- 
tated, and  both  the  posterior  and  lateral  columns,  near  the  entrance  of 
the  posterior  nerve  roots,  are  endowed  with  sensibility.  Inflamma- 
tory or  other  irritation  of  the  meninges,  over  any  part  of  the  anterior 
aspect  of  the  cord,  may  accordingly  cause  convulsive  movements  in  the 
regions  situated  below  the  diseased  point ; and  it  is  possible  that  either 
pain  alone  or  convulsions  alone  may  be  the  symptoms  of  inflammatory 
irritation  of  the  posterior  or  anterior  portions  of  the  cord  respectively. 
But  it  is  most  frequently  the  case  that  the  morbid  action  extends  more 

1 Systeme  Nerveux.  Paris,  1866,  p.  360. 

2 Physiology  of  Man;  Nervous  System.  New  York,  1872,  p.  276. 
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or  less  to  both  regions,  and  the  disturbances  of  sensibility  and  motion 
are  both  present  at  the  same  time,  or  at  different  periods  in  the  progress 
of  the  disease. 

II.  What  parts  of  the  Spinal  Cord  are  the  natural  channels  of  trans- 
mission for  sensation  and  movement? 

This  question  cannot  be  settled  by  the  experiments  which  consist  in 
applying  an  artificial  stimulus  to  the  various  parts  of  the  cord.  Such 
experiments  can  only  determine  the  sensibility  or  excitability  of  a 
nervous  tract,  but  not  its  function  as  a channel  of  transmission.  A 
part  of  the  spinal  cord  might  be  sensitive  to  direct  external  irritation, 
and  yet  the  natural  impulses  of  sensation,  coming  from  the  peripheral 
nerves,  might  follow  a different  route.  On  the  other  hand,  a part  might 
be  perfectly  capable  of  transmitting  the  nervous  impulses  of  sensation  or 
of  motion,  received  from  the  corresponding  nerve  fibres,  and  yet  might 
not  itself  be  either  excitable  or  sensitive.  In  the  peripheral  nerves  and 
the  nerve  roots,  the  two  sets  of  properties  coexist.  Tlie  nerve  fibres  of 
the  posterior  roots,  which  transmit  sensation,  are  themselves  sensitive  ; 
and  those  of  the  anterior  nerve  roots,  which  transmit  the  power  of 
motion,  are  also  excitable.  But  although  these  properties  are  connected 
in  the  nerves  and  nerve  roots,  they  are  not  necessarily  so  in  the  nervous 
centi'es  ; and  investigation  shows  that  in  the  spinal  cord  they  are  often 
independent  of  each  other. 

The  only  method  of  ascertaining  what  path  is  followed,  in  the  spinal 
cord,  by  the  sensitive  and  motor  impulses  respectively,  is  to  divide  or 
destroy,  in  successive  experiments,  different  portions  of  the  cord,  and  to 
observe  which  of  these  injuries  is  accompanied  by  the  loss  or  preserva- 
tion of  sensation  or  voluntary  movement.  Even  these  experiments  are 
not  always  as  decisive  in  the  spinal  cord  as  in  the  nerves  and  nerve 
roots ; for  the  reason  that  the  different  parts  of  the  white  and  gray  sub- 
stance influence  each  other,  and  are  sometimes  affected  by  sympathetic 
action.  If  the  division  of  one  of  the  columns  of  the  spinal  cord  be  fol- 
lowed by  a continuance  of  the  power  of  sensation,  we  know  that  column 
cannot  be  the  natural  channel  for  sensitive  impressions.  But  if,  on  the 
other  hand,  it  be  followed  by  immediate  loss  of  sensibility,  we  cannot  be 
sure,  in  this  case,  that  the  column  in  question  is  really  the  organ  of 
transmission  ; because  the  loss  of  sensibility  may  be  temporary,  and  due 
to  the  shock  inflicted  upon  neighboring  parts  of  the  cord.  Nothing  is 
more  common,  in  experiments  on  the  nervous  system,  than  to  see  a pai- 
alysis  of  sensation  or  motion,  more  or  less  complete,  follow  diiectly 
upon  the  injury  of  a particular  part,  and  yet  these  sj-mptoms  disappear 
within  a few  hours  or  days,  although  the  injury  to  the  nerve  substance 
may  remain  for  a much  longer  period.  The  immediate  effect,  in  these 
cases  is  not  due  directly  to  the  division  of  the  injured  nerve  fibres,  but 
to  their  sympathetic  reaction  upon  neighboring  parts  of  the  nervous 
centre.  The  most  decisive  experiments,  accordingly,  upon  the  spinal 
cord,  for  determining  the  channels  of  transmission  for  sensation  and 
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motion,  are  those  in  which  these  functions  have  remained,  notwith- 
standing the  section  of  certain  parts  of  the  cord. 

By  investigating  in  this  way  the  nervous  channels  for  sensation  in 
the  spinal  cord,  the  first  fact  which  is  demonstrated  in  such  a manner  as 
to  be  generally  accepted,  is  that  after  division  of  the  posterior  columns 
of  white  substance  the  power  of  sensibility  is  undiminished,  and  the 
animal  continues  to  feel  impressions  made  upon  the  integument  of  the 
corresponding  parts.  This  result,  which  was  obtained  by  several  of  the 
older  experimenters,  is  fully  confirmed  by  the  observations  of  Brown- 
S6quardl  and  Yulpian.2  The  posterior  columns  therefore  are  not  the 
channels  for  ordinary  sensitive  impressions,  notwithstanding  they  have 
themselves  a certain  degree  of  sensibility.  The  converse  of  this  experi- 
ment, namely,  transverse  division  of  all  parts  of  the  spinal  cord  excepting 
the  posterior  columns,  as  performed  by  the  same  observers,  is  followed 
by  complete  loss  of  the  power  of  sensation. 

On  the  other  hand,  if  both  the  anterior  and  lateral  columns  of  white 
substance  be  divided,  leaving  only  the  posterior  columns  and  the  gray 
substance,  sensibility  is  preserved  ; and  Brown-Sdquard  has  varied  the 
mode  of  procedure  by  dividing  both  anterior,  lateral,  and  posterior 
columns  in  the  same  animal  at  different  levels,  one  above  the  other, 
so  that  the  continuity  of  the  cord  as  a whole  is  preserved,  but  all  the 
longitudinal  tracts  of  white  substance  are  divided,  leaving  only  the  gray 
substance  uninjured.  In  this  case  sensibility  is  preserved,  although 
diminished  in  intensity. 

The  transmission  of  sensitive  impressions,  therefore,  takes  place 
through  the  gray  matter.  This  substance,  which  is  itself  insensible  to 
direct  irritation,  forms  the  medium  of  communication  between  the 
peripheral  fibres  of  the  sensitive  nerves  and  the  brain  above.  It  is  not 
known  whether  this  communication  be  made  by  nerve  fibres  running 
continuously  through  the  gray  substance  in  a longitudinal  direction,  or 
by  successive  connections  of  the  nerve  cells. 

With  regard  to  the  channels  for  voluntary  motion  in  the  cord,  the 
posterior  columns,  it  is  certain,  take  no  direct  part  in  the  transmission 
of  these  impulses,  since  after  their  complete  section  the  power  of  vol- 
untary motion  remains  unimpaired;  and  if  all  the  remaining  parts  of 
the  cord  be  divided,  according  to  the  observations  of  Brown-Sdquard, 
leaving  the  posterior  columns  untouched,  voluntary  motion  is  entirely 
lost.  Further  experiments  by  the  same  author  on  the  anterior  and 
lateral  columns  and  the  gray  substance  of  the  anterior  horns  lead  to  the 
conclusion  that,  for  the  transmission  of  the  voluntary  impulses  from 
the  brain  to  the  muscles  of  the  body  and  limbs,  both  the  white  and  gray 
substance  of  the  anterior  half  of  the  cord  must  be  in  a state  of  integrity ; 
since  section  of  either  the  white  substance  alone  or  of  the  gray  sub- 

1 Physiology  and  Pathology  of  the  Central  Nervous  System.  Philadelphia, 
I860,  p.  19. 

2 Systfeme  Nerveux.  Paris,  1866,  p.  373. 


454 


THE  SPINAL  CORD. 


stance  alone  is  followed  by  almost  complete  paralysis  of  the  parts  below 
the  level  of  the  injury.  In  the  dorsal  region,  injury  of  the  anterior 
columns  produces  a greater  amount  of  paralysis  than  that  of  the  lateral 
columns ; in  the  cervical  region,  on  the  other  hand,  this  relation  is 
reversed,  the  lateral  columns  taking  a more  important  part  in  voluntary 
transmission  than  the  anterior. 

It  is  evident,  accordingly,  that  in  the  spinal  cord  the  transmission  of 
sensitive  and  motor  impulses  does  not  take  place  with  the  same  sim- 
plicity as  in  the  nerves  and  nerve-roots.  The  various  nervous  tiacts, 
as  well  as  the  white  and  the  gray  substance,  are  associated  in  such  a 
manner  as  to  make  of  the  cord  a single  organ,  more  or  less  complicated 
in  structure,  which  cannot  be  separated,  so  far  as  our  present  knowledge 
extends,  into  completely  independent  parts. 


Crossed  Action  of  the  Spinal  Cord. 

The  spinal  cord,  as  a medium  of  nervous  communication  between  the 
brain  and  the  external  parts,  exerts  a crossed  action.  That  is,  the 
sensitive  impressions  received  by  the  integument  on  one  side  of  the 
body  are  conducted  through  the  cord  to  the  opposite  side  of  the  brain  ; 
and  the  voluntary  motor  impulses  which  originate  on  one  side  of  the 
brain  pass  to  the  nerves  and  muscles  on  the  opposite  side  of  the  body. 
This  is  established  both  by  experiments  upon  animals  and  by  patholo- 
gical observations  in  man ; since  injury  or  disease  situated  upon  the 
right  side  of  the  brain  is  known  to  cause  paralysis,  both  of  sensation 
and  voluntary  motion,  on  the  left  side  of  the  body,  and  vice  versa. 
These  two  nervous  functions  may  be  paralyzed  either,  together  or 
separately,  according  to  the  locality  and  extent  of  the  injury  to  the 
brain  substance ; but  when  the  paralysis  is  distinctly  confined  to  one 
side  of  the  body,  the  alteration  of  nervous  tissue  upon  which  it  depends 
is  found  after  death  to  be  seated  upon  the  opposite  side  of  the  brain. 

The  crossing  or  decussation  of  the  motor  and  sensitive  tracts,  from 
side  to  side,  takes  place  in  the  following  manner : 

Decussation  of  the  Motor  Tracts.- It  may  be  said,  in  general  terms 
that  the  transmission  of  voluntary  motor  impulses,  in  the.  spinal  cord 
itself,  takes  place  continuously  upon  the  same  side.  That  is,  if  a trans- 
verse section  of  one  lateral  half  of  the  cord  be  made  at  any  point  in  the 
lumbar,  dorsal,  or  cervical  region,  a paralysis  of  voluntary  motion  is 
produced  upon  the  same  side  for  all  parts  situated  below  the  level  of 
the  injury.  This  observation,  which  was  first  made  by  Galen,  has  been 
confirmed  by  all  subsequent  experimenters.  But  in  the  cervical  region, 
the  lateral  columns  gradually  preponderate  in  importance,  as  the  oigans 
of  transmission  for  voluntary  motion,  over  the  anterior  columns , and 
on  approaching  the  level  of  the  medulla  oblongata,  their  fibres  pass  m a 
direction  forward  and  inward,  until  they  reach  the  inner  and  anterior 
part  of  the  cord.  At  the  medulla  oblongata,  these  fibres  cross  the 
median  line,  as  distinct  handles  of  considerable  sme 
upward,  to  form  the  anterior  pyramids  of  the  opposite  side.  1 
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constitutes  the  so-called  “decussation  of  the  anterior  pyramids;”  and 
beyond  this  point  the  longitudinal  fibres  of  the  medulla  oblongata  con- 
tinue their  course  toward  the  peduncles  of  the  brain  and  the  cerebral 
cmnglia  above.  Thus  the  crossing  of  the  tracts  for  voluntary  motion  is 
completed  in  the  lower  half  of  the  medulla  oblongata.  Injury  of  one 
lateral  half  of  the  brain  above  this  situation  causes  muscular  paralysis 
on  the  opposite  side  of  the  body ; injury  of  one  lateral  half  of  the  spinal 
cord  below  it  causes  paralysis  on  the  same  side  of  the  body. 

These  are  the  general  results  obtained  from  both  pathological  observa- 
tion and  physiological  experiment;  and  they  evidently  point  to  the 
medulla  oblongata  as  the  principal  or  exclusive  seat  of  the  bilateral 
decussation  of  the  channels  for  voluntary  motion.  At  the  same  time  it 
is  shown,  by  mircroscopic  examination,  that  this  is  not  the  only  spot 
where  an  anatomical  intercharge  of  fibres  takes  place  between  the  two 
lateral  halves  of  the  spinal  cord.  On  the  contrary,  a decussation  of 
fibres  exists  everywhere,  throughout  the  length  of  the  cord,  from  left  to 
right,  and  vice  versa , at  the  situation  of  the  “ white  commissure,”  at  the 
bottom  of  the  anterior  median  fissure ; the  right  anterior  column  con- 
stantly receiving  fibres  from  the  left  side  of  the  cord,  and  the  left  anterior 
column  from  the  right  side  of  the  cord.  This  continuous  decussation  is 
concealed  from  view  externally,  and  is  only  discoverable  by  means  of 
transverse  microscopic  sections  ; while  that  at  the  level  of  the  anterior 
pyramids  is  easily  visible,  owing  to  the  size  of  the  decussating  bundles 
and  their  oblique  direction. 

The  anatomical  distinction  between  the  two  sets  of  decussating  fibres 
may  answer  to  a corresponding  difference  in  their  physiological  action ; 
and  the  decussation  at  the  white  commissure  may  be  connected  with 
the  reflex  action  of  the  cord,  or  with  the  simultaneous  action  of  its  two 
opposite  sides.  It  is  certain  that  this  commissure  does  not  take  part  in 
the  transmission  of  voluntary  impulses ; since  in  the  celebrated  experi- 
ment of  Galen,1  “if  the  spinal  cord  be  divided  by  a longitudinal  section, 
from  above  downward,  in  the  median  line,”  so  as  to  separate  its  two 
lateral  halves  from  each  other,  this  operation  is  not  followed  by  loss 
of  motion  either  on  one  side  or  the  other.  This  result  has  also  been 
obtained  by  Brown-S^quard2  in  the  lumbar  region,  voluntary  motion 
being  retained  in  both  the  posterior  limbs.  On  the  other  hand,  as 
shown  by  the  same  observer,  a longitudinal  section  of  the  medulla 
oblongata  alone  in  the  median  line,  so  as  to  divide  the  decussating  fibres 
of  the  anterior  pyramids,  produces  complete  loss  of  voluntary  movement 
in  all  the  limbs  at  once. 

Decussation  of  the  Sensitive  Tracts. — The  sensitive  impressions, 
conveyed  from  the  integument  to  the  nervous  centres,  undergo,  like  the 
motor  impulses,  a complete  bilateral  decussation  by  the  time  they  arrive 

1 De  Administrationibus  Anatomicis.  Liber  viii.  cap.  vi. 

2 Physiology  and  Pathology  of  the  Central  Nervous  System.  Philadelphia, 
I860,  p.  33. 
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at  the  upper  part  of  the  medulla  oblongata ; since  lesions  of  the  brain 
above  this  point  cause  a diminution  or  loss  of  sensibility  on  the  opposite 
side  of  the  body. 

But  while  the  tracts  for  voluntary  motion  have  a continuous  or  uni- 
lateral course  in  the  spinal  cord  itself,  and  decussate  only  or  principally 
at  the  level  of  the  anterior  pyramids,  those  for  sensation  in  great 
measure  cross  from  side  to  side  at  successive  points  throughout  the 
length  of  the  spinal  cord.  This  is  shown  by  the  fact  that  a transverse 
section  of  one  lateral  half  of  the  spinal  cord,  which  paralyzes  motion 
on  the  same  side  with  the  injury,  causes,  on  the  contrary,  a loss  of  sen- 


sation on  the  opposite  side ; while  sensibility  remains  upon  that  side  of 
the  body  where  the  section  of  the  cord  has  been  made.  Ihus  il  the 
lateral  section  of  one-half  the  spinal  cord  be  made  at  the  lower  end  of 
the  dorsal  region  on  the  right  side,  the  right  hind  leg  is  paralyzed  of 
motion  but  retains  its  sensibility;  the  left  hind  leg,  at  the  same  time, 
retains  its  power  of  motion  but  loses  its  sensibility.  Fuitheimoie,  the 
sensibility  of  the  parts  is  not  only  retained  on  the  side  of  the  section, 
but  is  even  exaggerated  in  a very  perceptible  manner ; so  that  an  im- 
pression upon  the  skin  is  perceived  on  that  side  more  acutely  than  before 
the  section. 

These  results,  which  were  partially  obtained  by  several  of  the  older 
experimenters,  were  first  distinctly  brought,  out  by  Brown-Sequaid. 
According  to  his  experiments,  the  phenomena  are  so  complete  as  to  imply 
an  entire  crossing  of  the  sensitive  tracts  in  the  spinal  cord.  Other 
observers  have  found  the  appearances  not  so  decisive;  Vulpian,  among 
others,  maintaining  that  the  loss  of  sensibility  on  the  opposite  side,  after 
section  of  a lateral  half  of  the  cord,  is  never  complete  but  only  partial, 
and  that  the  sensitive  impressions  conveyed  through  the  gray  matter 
may  even  continue  to  pass,  after  one  lateral  half  of  the  cord  has  been 
divided  in  the  dorsal,  and  the  other  in  the  cervical  region,  by  two  sec- 
tions placed  at  a considerable  distance  from  each  other. 

It  is  certain,  however,  that  after  section  of  one  lateral  half  of  the 
cord  the  phenomena  which  indicate  a crossing  of  the  sensitive  tracts  are 
distinctly  marked.  We  have  repeated  this  experiment,  and  have  found 
that  after  such  a section,  in  the  dog,  in  the  dorso-lumbar  region  the 
difference  in  the  effects  produced  upon  sensation  and  motion  on  the  two 
sides  is  very  striking.  Sensibility  is  either  lost  or  very  much  diminished 
upon  the  opposite  side,  while  upon  the  same  side  with  the  section  where 
there  is  complete  muscular  paralysis,  the  sensibility  remains  and  is  in- 
creased in  intensity.  On  the  opposite  side,  there  is  power  of  motion 
with  diminution  or  loss  of  sensibility  ; on  the  same  side,  there  is  liyper- 

msthesia  with  loss  of  voluntary  motion.  , . f 

What  is  the  cause  of  the  local  hyperesthesia,  after  sectionofone 
lateral  half  of  the  spinal  cord?  This  is  an  instance  of  the  md  rect 
influence  exerted  upon  the  nervous  centres  by  inji ary  of  any jart  o 
their  substance.  After  transverse  division  of  one-half  of  the  cold,  n 
only  arc  its  motor  and  sensitive  fibres  cut  off,  causing  paralysis  of  motion 
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• i i nf  sensibility  on  the  opposite  side,  but 

posterior  nerve  roots  on  tlie  same  side  pass  into  this  gray  s“b“‘“”“ 

tire  gray  matter  thus  causes  an  increase  in  the  intensity  of  tile  neivous 

ISons  eomino  from  the  side  of  the  injury  and  an  apparent  hype 
impressions  comm  ^ ^ side.  For  this  purpose  it  is  not 

poilStLent  the  posterior  or  iateral  parts  of  the  cor ^ on  one^idm 
' Another  experiment  is  much  relied  on  by  Brorm-Btiquard  to  demon 
strnte  the  crossing  of  the  sensitive  tracts  m the  spinal  cold.  A g 

to  h m if  the  spill  cord  be  divided,  in  the  lumbar  region  by  a long, 
£ section  in  the  median  line,  so  as  to  separate  its  too  laW 
halves  from  each  other  without  further  injury,  the  operation  is  follow 
Ty  complete  loss  of  sensibility  in  both  hind  legs.  This  result  by  itself 
would  not  be  decisive,  since  such  an  operation  might  iea  1 y cause 
temporary  suspension  of  sensibility,  owing  to  the  shock  inflicted  on 
sS  coni  as  a whole;  but  it  is  of  much  valuer  hen ton  m connec 
tion  with  the  fact  that  after  this  operation,  while  sensibility  is  lost,  th 
power  of  voluntary  movement,  on  the  contrary,  is  retained  in  both  the 

hi  ally  | ^stances  in  the  human  subject,  where  a lesion  of  one  side 
of  the  spinal  cord  is  accompanied  by  loss  of  voluntary  motion  on  the 
same  side  and  loss  of  sensibility  on  the  opposite  side,  below  the  seat 
of  the  disease,  confirm  the  results  derived  from  experiments  on  animals 
The  decussation  of  both  motor  and  sensitive  tracts  is  completed  at  the 
medulla  oblongata ; but  below  this  point  the  cord  acts  as  a conductor 
for  motor  impulses  going  to  the  muscles  on  the  same  side  of  the  body, 
and  for  sensitive  impressions  coming  from  the  integument  of  the  oppo- 

site  sici.6*  • 7 

Various  forms  of  Paralysis , from  lesions  of  the  Cerebrospinal 

Axis. — In  consequence  of  disease  or  injury  m different  parts  o ie 
cerebro-spinal  axis,  a variety  of  symptoms  may  be  produced  freeing 
sensation  and  voluntary  motion.  The  two  most  simple  forms  of  pa  a y- 
sis  from  this  cause  are,  first,  “paraplegia,”  or  paralysis  of  the  entire 
lower  portion  of  the  body  and  inferior  limbs ; and  secondly,  hemiple- 
gia,” or  paralysis  of  one  lateral  half  of  the  body,  and  of  one  or  both 
limbs  on  the  corresponding  side. 

I.  In  Paraplegia , the  injury  affects  the  whole  substance  of  the  spinal 
cord  at  a particular  level,  and  the  result  is  loss  of  sensation  aM  volun- 
tary motion  on  both  sides,  for  the  whole  of  that  part  of  the  body 
supplied  with  nerves  which  originate  at  or  below  the  level  of  the  injury. 

30 
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The  seat  of  the  lesion  in  the  spinal  cord  is  determined  by  the  line  at 
which  paralysis  of  sensation  and  motion  begins  in  the  external  parts. 
If  the  lesion  occupy  the  lumbar  portion  of  the  cord,  the  legs  and  the 
pelvic  regions  are  paralyzed  and  insensible,  while  the  arms  and  remain- 
ing parts  of  the  trunk  retain  their  feeling  and  power  of  motion.  If  it 
be  in  the  dorsal  region,  a corresponding  part  of  the  abdomen  and  thorax 
is  also  deprived  of  sense  and  movement ; and  if  situated  in  the  middle 
cervical  region,  it  produces  at  the  same  time  paralysis  and  insensibility 
of  both  upper  and  lower  extremities,  together  with  that  of  the  chest  and 
intercostal  muscles.  A paralysis  of  this  kind,  affecting  the  arms  and 
intercostal  muscles,  is  more  dangerous  than  that  of  the  legs  alone ; 
because  a slight  extension  of  the  lesion  above  the  middle  cervical  region 
will  paralyze  the  fibres  of  origin  of  the  phrenic  nerves,  and  produce 
death  by  stoppage  of  respiration. 

In  complete  paraplegia,  sensation  and  motion  are  both  abolished  in 
the  affected  parts ; because  the  injury  or  disease,  when  sufficient  to 
destroy  one  of  these  nervous  functions,  almost  necessarily  reaches  those 
portions  of  the  cord  which  preside  over  the  other.  But  in  slight  or 
incomplete  cases,  either  sensibility  or  movement  may  be  more  or  less 
affected,  according  as  the  lesion  is  more  or  less  advanced  in  different 
parts  of  the  thickness  of  the  cord. 

II.  In  Hemiplegia  of  the  simplest  form,  there  is  loss  of  sensation  and 
voluntary  motion  in  the  right  or  left  arm  and  leg,  the  limbs  on  the 
other  side  of  the  body  remaining  uninjured.  Sensibility  and  the  power 
of  movement  are  also  lost  in  the  integument  and  muscles  of  the  chest 
and  abdomen  on  the  corresponding  side.  It  is,  therefore,  a complete 
paralysis  of  one  lateral  half  of  the  body ; the  affection  being  usually 
exactly  limited  by  the  median  line,  both  in  front  and  rear.  In  these 
cases  the  paralysis  is  due  to  some  lesion  within  the  cavity  of  the  cra- 
nium, on  the  opposite  side,  and  above  the  decussation  of  the  anterior 
pyramids  ; namely,  in  the  upper  part  of  the  medulla  oblongata,  the  crura 
cerebri,  the  cerebral  ganglia,  or  the  hemispheres.  It  appears  to  be  most 
frequently  seated  in  the  cerebral  ganglia  or  the  hemispheres. 

In  hemiplegia  from  this  cause,  the  loss  of  sensibility  and  of  the  power 
of  motion,  though  occupying  the  same  half  of  the  body,  are  not  necessa- 
rily equal  in  degree.  According  to  Hammond,1  when  the  cause  of  the 
difficulty  is  a cerebral  hemorrhage,  they  are  rarely  present  to  the  same 
extent.  If  the  lesion  be  situated  lower  down,  in  the  crus  cerebri  or  the 
tuber  annulare,  they  would  be  more  likely  to  resemble  each  other  in  degree. 

When  hemiplegia  is  due,  on  the  other  hand,  to  a lesion  of  the  spinal 
cord  on  one  side,  the  paralysis  of  motion  is  on  the  same  side  of  the 
body,  and  that  of  sensibility  on  the  opposite  side.  A number  of  these 
cases  have  been  collected  by  Brown-Se'quard,  in  most  of  which  it  was 
ascertained  that  the  injury  was  seated  in  the  lateral  half  of  the  cord 
corresponding  to  the  paralysis  of  motion. 

1 Diseases  of  the  Nervous  System.  New  York,  1871,  p.  77. 
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Action  of  the  Spinal  Cord  as  a Nervous  Centre. 

So  far  as  the  spinal  cord  is  concerned  in  the  phenomena  of  sensation 
and  voluntary  motion,  it  acts  as  a medium  of  communication  between 
the  brain,  where  consciousness  and  volition  reside,  and  the  integument 
and  muscles  of  the  external  parts.  Its  complete  division  accordingly  at 
any  point  destroys  this  communication,  and  suspends  the  nervous  func- 
tions dependent  upon  it ; so  that  the  commands  of  the  will  are  no  longer 
transmitted  to  the  muscles  below,  and  the  individual  is  incapable  of 
perceiving  impressions  made  upon  the  integument  of  the  paralyzed 
parts.  But  after  such  an  operation  motion  is  not  altogether  abolished 
in  the  body  and  limbs;  and  impressions  conveyed  by  the  sensitive 
nerve  fibres,  though  no  longer  perceived  by  the  individual,  are  still 
capable  of  producing  an  effect,  and  of  exciting  a reaction  in  the  organs 
of  movement.  These  phenomena,  which  take  place  without  the  inter- 
vention of  the  brain,  are  produced  by  the  action  of  the  spinal  cord  as  a 
nervous  centre,  and  are  due  to  the  independent  properties  of  its  gray 
matter. 

Beflex  Action  of  the  Spinal  Cord. — If  a frog  be  decapitated,  and 
allowed  to  remain  at  rest  for  a few  moments,  until  the  depressing  effects 
of  the  shock  upon  the  nervous  system  have  passed  off,  movements  can 
readily  be  excited  in  either  the  anterior  or  posterior  limbs.  If  the  skin 
of  one  of  the  feet  be  irritated  by  pinching  with  a pair  of  forceps,  or  by 
immersing  it  in  a weak  acidulated  solution,  the  leg  is  immediately 
drawn  upward  toward  the  body,  as  if  to  escape  the  source  of  irritation. 
If  the  stimulus  applied  be  of  slight  intensity,  the  corresponding  leg  only 
will  move ; but  if  it  be  more  severe  in  character,  motion  will  often  be 
produced  in  the  corresponding  limb  on  the  opposite  side,  or  even  in  all 
the  extremities  at  once.  These  phenomena  may  be  repeated  a great 
number  of  times,  until  the  irritability  of  the  nervous  system  has  been 
exhausted,  or  until  some  structural  change  has  taken  place  in  the 
tissues. 

Two  important  peculiarities  are  noticeable  in  the  movements  thus 
produced  after  decapitation : 

First,  they  are  never  spontaneous  ; but  are  only  excited  by  the  appli- 
cation of  an  external  stimulus.  The  decapitated  frog,  if  left  to  itself, 
always  remains  perfectly  motionless,  in  a nearly  natural  attitude,  but 
without  any  tendency  to  alter  its  position.  Each  application  of  a 
stimulus  causes  a movement,  after  which  the  limbs  again  assume  a con- 
dition of  quiescence  until  a repetition  of  the  stimulus  calls  out  a new 
movement. 

Secondly,  the  muscular  action  thus  manifested  is  not  produced  by  a 
stimulus  directly  applied  to  the  muscles  themselves.  The  stimulus  is 
applied  to  the  integument  of  the  foot,  and  the  muscles  of  the  leg  and 
thigh  are  contracted  in  consequence.  This  shows  that  both  sensitive 
and  motor  nerve  fibres  take  part  in  the  action.  The  sensitive  fibres 
distributed  to  the  integument  first  receive  the  impression  and  convey  it 
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inward;  after  which  the  motor  fibres  transmit  an  outward  stimulus  to 
the  muscles  in  a different  part  of  the  limb.  Even  the  other  limbs,  as 
already  mentioned,  may  be  set  in  motion  by  an  irritation  applied  to 
the  integument  of  one. 

Furthermore,  the  nervous  action  is  not  transmitted,  in  these  cases, 
directly  from  the  integument  to  the  muscles ; it  passes  through  the 
spinal  cord,  which  thus  forms  a necessary  link  in  the  chain  of  communi- 
cation ; for  if  the  posterior  limb  be  left  uninjured,  while  its  connection 
with  the  cord  is  severed  by  dividing  the  sciatic  nerve  in  the  cavity  of 
the  abdomen,  no  further  action  can  be  excited,  and  the  limb  remains 
motionless  whatever  irritation  be  applied  to  the  integument. 

Lastly,  if  the  spinal  cord  itself  be  destroyed  by  the  introduction  of  a 
stilet  into  the  spinal  canal,  this  also  puts  an  end  to  the  phenomena,  and 
irritation  of  the  integument  will  no  longer  produce  a muscular  reaction. 
After  that,  the  muscles  can  only  be  excited  to  contraction  by  a stimulus 
applied  directly  to  themselves,  or  to  their  motor  nerves. 

All  these  facts  show  that  the  phenomena  in  question  are  due  to  the 
reflex  action  of  a nervous  centre,  in  which  three  different  nervous  ele- 
ments take  part ; namely,  first,  the  sensitive  nerve  fibres,  conveying  an 
impression  inward  from  the  integument ; secondly,  motor  nerve  fibres, 
transmitting  a stimulus  outward  to  the  muscles  ; and,  thirdly,  a nervous 
centre  which  intervenes  between  the  two,  and  in  which  the  reflex  action 
is  accomplished.  The  nervous  centre,  in  this  instance,  is  the  gray  sub- 
stance of  the  spinal  cord. 

It  is  evident,  accordingly,  that  consciousness  is  not  a necessary  ac- 
companiment to  the  reception  of  sensitive  impressions  by  a nervous 
centre ; and  that  a motor  impulse  may  also  originate  in  a nervous  centre 
without  the  act  of  volition.  The  reflex  action  of  the  spinal  cord  takes 
place  without  either  consciousness  or  volition  ; and  yet  it  is  completely 
efficient,  and  produces  muscular  contraction  at  once  on  the  application 
of  a stimulus  to  the  skin. 

Diminution  or  Increase  of  Reflex  Action  in  the  Cord. — The  reflex 
action  of  the  spinal  cord,  like  other  forms  of  nervous  activity,  may  suffer 
a temporary  depression,  or  even  total  suspension,  by  auy  shock  or  injury 
to  the  system  at  large.  The  operation  of  separating  the  head  from  the 
trunk  in  the  frog  will  often  be  followed,  for  a few  moments,  by  an 
interval  of  complete  nervous  paralysis,  in  which  no  phenomena  of  reac- 
tion can  be  obtained.  Even  injuries  in  which  the  nervous  centres  are 
not  directly  interested,  such  as  the  opening  of  the  abdomen  and  the 
removal  of  the  abdominal  organs,  may  produce  a similar  temporary 
effect.  In  some  instances  the  duration  of  this  period  of  depression  is 
very  short,  so  as  to  be  almost  imperceptible;  in  others  it  lasts  for 
several  minutes.  After  it  has  passed  off,  the  reflex  irritability  of  the 
cord  returns  to  its  natural  condition,  and,  if  the  cord  itself  have  been 
wounded  or  divided,  may  even  be  perceptibly  increased  in  intensity. 

It  is  for  this  reason  that  the  reflex  action  of  the  cord  often  seems  to 
be  more  vigorous  and  prompt  in  the  frog  after  the  removal  of  the  head, 
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or  the  transverse  division  of  the  cord  itself  at  its  upper  part.  The 
wound  of  the  nervous  substance  induces  an  increased  excitability  of  its 
gray  matter,  in  consequence  of  which  sensitive  impressions  of  a moderate 
character  produce  a more  energetic  muscular  reaction.  This  is  shown 
by  the  observations  of  Tiirck,  Bernard,  and  Vulpian,  in  wThich,  after  a 
section  of  one  lateral  half  of  the  cord,  the  posterior  leg  on  that  side  is 
withdrawn  more  rapidly  from  an  acidulated  solution  than  the  other ; and 
in  which  the  reflex  action  of  the  cord,  in  decapitated  animals,  becomes 
more  and  more  marked,  for  the  posterior  limbs,  in  consequence  of  suc- 
cessive transverse  sections  made  from  before  backward,  in  the  cervical 
and  lumbar  regions. 

The  reflex  action  of  the  cord  may  also  be  increased  by  poisonous 
substances.  Strychnine  is  the  most  efBcient  in  this  respect,  and  pro- 
duces very  rapidly  an  exalted  condition  of  irritability  in  the  spinal  cord, 
in  consequence  of  which  a slight  irritation  of  the  skin  is  followed  by 
excessive  muscular  reaction.  If  a frog  be  simply  decapitated  and  left 
in  repose  for  a short  time,  the  reflex  action  of  the  cord  manifests  itself, 
as  usual,  in  a distinct  but  moderate  degree.  Slight  irritations  have  no 
perceptible  effect,  and  the  pinching  of  the  skin  in  one  hind  foot  usually 
causes  retraction  of  that  limb  only.  But  if  a solution  of  strychnine 
be  injected  underneath  the  skin,  at  the  end  of  ten  or  fifteen  minutes, 
when  absorption  has  taken  place,  the  reflex  irritability  of  the  cord  is 
found  to  be  exaggerated  in  a very  marked  degree.  The  animal  still 
remains  motionless  if  undisturbed ; but  the  slightest  irritation  applied 
to  the  skin,  the  contact  of  a hair  or  feather,  or  the  jar  produced  by 
striking  the  table  upon  which  it  is  placed,  will  often  be  sufficient  to 
throw  it  into  violent  convulsive  action,  in  which  all  the  limbs  take  part. 
As  these  effects  are  produced  in  the  decapitated  animal,  no  influence  can 
be  attributed  to  the  action  of  the  brain.  Strychnine,  accordingly,  is  a 
poison  which  acts  directly  upon  the  spinal  cord  bj^  increasing  its  excita- 
bility, and  by  thus  causing  convulsive  movements  in  consequence  of 
slight  external  irritation. 

Similar  results  are  known  to  follow  from  wounds  or  injuries  either  of 
the  cord  itself  or  of  peripheral  parts  of  the  nervous  system.  Brown- 
Sdquard  has  found1  that  in  Guinea-pigs  a section  of  one  lateral  half  of 
the  spinal  cord  sometimes  produces,  after  a few  weeks,  such  a condition 
of  the  nervous  centres  that  the  animal  becomes  epileptic,  and  that  epi- 
leptiform convulsions  of  a very  intense  character  may  be  excited  by 
pinching  the  skin  of  part  of  the  face  and  neck,  on  the  side  corresponding 
with  the  lateral  section  of  the  cord.  The  phenomena  of  tetanus  in  man, 
following  wounds  of  the  peripheral  nerves,  are  also  of  a reflex  convulsive 
character.  The  tetanic  spasm  is  often,  if  not  always,  excited  by  an 
external  cause ; but  this  cause  is  so  slight  that  in  the  healthy  condition 
it  would  have  no  perceptible  effect.  The  accidental  movement  of  the 
bedclothes,  the  shutting  of  a door,  the  passing  of  a carriage  in  the 

1 Researches  on  Epilepsy.  Boston,  1857. 
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street,  or  even  a current  of  air  upon  the  skin,  may  be  sufficient  to  throw 
the  muscular  system  iuto  severe  spasmodic  action.  The  reflex  irrita- 
bility of  the  spinal  cord  may,  therefore,  be  increased  or  diminished  by 
various  causes  acting  upon  it  from  without. 

liejlex  Action  of  the  Cord  in  Warm-blooded  Animals  and  in  Man. — 
In  the  frog,  as  well  as  in  other  cold-blooded  animals,  the  reflex  action 
of  the  spinal  cox’d  lasts  for  a comparatively  long  time  after  decapitation 
or  the  stoppage  of  the  circulation  ; continuing  sometimes,  if  the  animal 
be  kept  in  repose  and  sufficiently  cool  and  moist,  for  twenty-four  hours 
or  even  longer.  In  the  warm-blooded  animals,  it  disappears  much  more 
rapidly ; and  it  must  be  sought  for,  if  at  all,  within  a very  short  time 
after  death,  since  a nearly  constant  supply  of  blood  is  essential  in  these 
animals  to  a continuance  of  the  physiological  action  in  every  part  of  the 
nervous  system.  If  artificial  respiration  be  kept  up,  however,  so  as  to 
maintain  the  circulation,  the  reflex  action  of  the  cord  will  continue  to 
manifest  itself,  independently  of  the  brain ; and  the  same  thing  may  be 
accomplished,  by  dividing  the  spinal  cord  in  the  lower  cervical  or  upper 
dorsal  region  below  the  origin  of  the  phrenic  nerve.  The  animal  then 
continues  to  breathe  by  means  of  the  diaphragm ; and  although  deprived 
of  both  sensibility  and  voluntary  motion  in  the  posterior  limbs,  move- 
ments of  the  leg  are  produced  by  pinching  the  skin  of  the  foot. 

Robin  has  observed  the  phenomena  of  reflex  action  of  the  cord,  after 
decapitation,  in  man,  in  the  case  of  an  executed  criminal  whose  body 
was  subjected  to  examination.  The  reflex  muscular  contractions  were 
produced  about  one  hour  after  the  execution.1  “While  the  right  arm 
was  lying  extended  in  an  oblique  position  by  the  side  of  the  trunk, 
with  the  hand  about  25  centimetres  distant  from  the  upper  part  of  the 
thigh,  I scratched  with  the  point  of  a scalpel  the  skin  of  the  chest  at 
the  areola  of  the  nipple,  for  a space  of  10  or  11  centimetres  in  extent, 
without  making  any  pressui’e  upon  the  subjacent  muscles.  We  im- 
mediately saw  a rapid  and  successive  contraction  of  the  great  pectoral 
muscle,  the  biceps,  probably  the  brachialis  anticus,  and  lastly  the  mus- 
cles covering  the  internal  condyle.” 

“The  result  was  a movement  by  which  the  whole  arm  was  made  to 
approach  the  trunk,  with  rotation  of  the  arm  inward  and  half-flexion  of 
the  forearm  upon  the  arm  ; a true  defensive  movement,  which  brought 
the  hand  toward  the  chest  as  far  as  the  pit  of  the  stomach.  Neither 
the  thumb,  which  was  half  bent  toward  the  palm  of  the  hand,  nor  the 
fingers,  which  were  half  bent  over  the  thumb,  presented  any  move- 
ments.” 

“ The  arm  being  replaced  in  its  former  position,  we  saw  it  again  exe- 
cute a similar  movement  on  scratching  the  skin,  in  the  same  manner  as 
before,  a little  below  the  clavicle.  This  experiment  succeeded  four 
times,  but  each  time  the  movement  was  less  extensive  than  before ; aud 

1 Journal  de  l’Anatomie  et  de  la  Physiologie.  Paris,  1869,  p.  90. 
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afterward  the  scratching  of  the  skin  over  the  chest  produced  only  con- 
tractions in  the  great  pectoral  muscle  which  hardly  stirred  the  arm.” 

The  neck  had  been  severed,  in  the  above  case,  at  about  the  level  of 
the  fourth  cervical  vertebra. 

The  reflex  action  may  also  be  seen  very  distinctly  in  the  human  sub- 
ject, in  certain  cases  of  disease  of  the  spinal  cord.  If  the  upper  portion 
of  the  cord  be  disintegrated  by  inflammatory  softening,  so  that  its 
middle  and  lower  portions  lose  their  natural  connection  with  the  brain, 
paralysis  of  voluntary  motion  and  loss  of  sensation  ensue  in  all  parts 
of  the  body  below  the  seat  of  the  anatomical  lesion.  Under  these  con- 
ditions, the  patient  is  incapable  of  making  any  muscular  exertion  in  the 
paralyzed  parts,  and  is  unconscious  of  any  injury  done  to  the  integu- 
ment in  the  same  region.  But  if  the  soles  of  the  feet  be  gently  irritated 
with  a feather  or  with  the  point  of  a needle,  a convulsive  twitching  of 
the  toes  will  often  take  place,  and  even  retractile  movements  of  the  leg 
and  thigh,  altogether  without  the  patient’s  knowledge.  Such  move- 
ments may  frequently  be  excited  by  simply  allowing  the  cool  air  to 
come  suddenly  in  contact  with  the  lower  extremities.  We  have 
repeatedly  witnessed  these  phenomena,  in  a case  of  disease  of  the  spinal 
cord,  where  the  paralysis  and  insensibility  of  the  lower  extremities 
were  complete.  Many  similar  instances  have  been  reported  by  various 
authors. 

Physiological  Action  of  the  Spinal  Corel , as  a Nervous  Centre , during 
health. — The  physiological  character  of  the  reflex  action  of  the  spinal 
cord,  as  it  takes  place  in  the  healthy  condition,  is  not  easily  brought 
under  observation.  In  animals,  unless  the  head  be  removed  or  the 
spinal  cord  separated  from  the  brain,  the  reflex  and  voluntary  move- 
ments are  liable  to  be  confounded ; and  in  man  during  health  the  phe- 
nomena of  sensation  and  volition  are  so  prominent,  as  to  conceal  or 
obscure  those  which  are  performed  independently  of  the  consciousness 
and  the  will.  Nevertheless,  the  latter  are  exceedingly  important,  and 
many  of  them  in  almost  constant  operation. 

The  general  character  of  the  reflex  actions  of  the  spinal  cord  is  that 
they  tend  unconsciously  to  the  defence  or  preservation  of  the  body. 
This  character  is  even  seen  in  the  simple  experiments  performed  upon 
the  decapitated  frog.  If  the  frog  in  this  condition  be  suspended  in  the 
air  by  its  anterior  extremity,  the  posterior  limbs  hang  downward  in  a 
perfectly  relaxed  condition.  On  pinching  the  integument  of  a foot,  or 
immersing  it  in  acidulated  water,  the  limb  is  drawn  upward  by  contrac- 
tion of  its  flexor  muscles,  and  the  result  of  this  movement  is  a with- 
drawal of  the  foot  from  the  source  of  irritation.  When  the  muscles 
relax,  the  limb  lengthens  until  the  foot  again  touches  the  irritating 
liquid,  when  it  is  again  drawn  up ; and  so  on,  until  the  irritability  of 
the  cord  is  so  far  diminished,  or  accustomed  to  that  particular  stimulus, 
that  it  no  longer  reacts.  In  this  case,  therefore,  it  is  not  all  the  mus- 
cles of  the  leg  and  thigh  which  are  thrown  into  activity  by  irritating 
the  skin,  but  only  the  flexors,  which  tend  to  withdraw  the  foot  from  the 
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irritation  to  which  it  is  subjected.  When  an  irritation  is  applied  to  the 
skin  on  the  side  of  the  trunk,  it  is  common  to  see  a hind  foot  applied  to 
the  irritated  spot,  as  if  to  protect  if  from  a repetition  of  the  stimulus; 
and  in  some  instances  the  adaptation  of  reflex  movements  to  accom- 
plish a definite  result  is  very  marked.  This  cannot  be  attributed  to 
any  faculty  of  perception  belonging  to  the  spinal  cord ; since  we  know, 
from  pathological  cases  in  man,  that  when  the  cord  is  separated  from 
the  bi'ain  by  disease  or  injury,  the  parts  below  are  left  absolutely  with- 
out conscious  sensibility  or  power  of  volition.  The  character  of  the 
movement  produced  therefore  depends  directly  upon  the  anatomical 
structure  of  the  limbs  and  the  nervous  mechanism  of  the  spinal  cord. 
In  the  case  of  reflex  action  observed  by  Robin  in  a decapitated  criminal, 
the  effect  of  gentle  irritation  of  the  skin  over  the  front  of  the  chest 
was  a simple  movement  of  flexion  and  inward  rotation  of  the  arm  and 
forearm ; and  this  necessarily  brought  the  hand  near  the  point  irri- 
tated. It  is  evident  that  the  connection  of  the  sensitive  nerve  fibres 
with  motor  fibres,  through  the  gray  matter  of  the  cord,  may  be  such  as 
to  call  into  action  muscles  which  are  adapted  to  accomplish  a particular 
movement,  without  the  intervention  of  any  perception  or  voluntary  im- 
pulse. This  is  the  character  of  the  reflex  action  of  the  spinal  cord. 

As  a general  rule,  movements  of  flexion  are  adapted  to  protect  the 
part  from  external  irritation  or  injury,  and  are  excited  by  ordinary  or 
moderate  causes  ; those  of  extension  are  calculated  to  repel  the  foreign 
substance  or  to  escape  from  it  by  moving  the  whole  body,  and  are  only 
called  out  by  an  unusual  or  excessive  stimulus.  The  defensive  or  pro- 
tective character  of  these  movements  is  often  to  be  seen,  in  a state  of 
health,  when  the  brain  takes  no  part  in  their  production.  If  the  surface 
of  the  skin,  for  example,  be  unexpectedly  brought  in  contact  with  a 
heated  body,  the  injured  part  is  often  withdrawn  by  a rapid  and  con- 
vulsive movement,  before  we  feel  the  pain,  or  even  fairly  understand  the 
cause  of  the  involuntary  act.  When  the  body  by  any  accident  suddenly 
loses  its  balance,  the  limbs  are  thrown  into  a flexed  position,  calculated 
to  protect  the  exposed  parts  and  to  break  the  fall,  by  a similar  invol- 
untary and  instantaneous  movement.  Notwithstanding,  therefore,  the 
evident  utility  of  these  actions,  they  have  no  intentional  character,  and 
there  is  not  even  any  distinct  consciousness  of  their  object. 

The  spinal  cord  has  also  an  important  action  in  regard  to  the  attitude 
and  to  locomotion.  The  preservation  of  the  attitude  alone  requires  the 
harmonious  action  of  many  different  muscles,  all  of  which  contribute 
in  various  degrees  to  the  position  of  the  whole  body.  This  is  especially 
the  case  in  man,  where,  in  the  standing  posture,  the  body  is  balanced 
upon  its  narrow  supports,  in  such  a wajr  as  to  preserve  its  equilibrium 
without  attention  or  fatigue.  In  the  movements  of  locomotion  also,  the 
different  flexors  and  extensors  of  the  anterior  and  posterior  limbs  are 
associated  in  a manner  peculiar  to  each  species  of  animal;  and  in  man 
the  balancing  of  the  body  requires,  in  progression,  a still  more  exten- 
sive combination  of  muscular  action  than  when  at  rest. 


ACTION  AS  A NERVOUS  CENTRE. 


465 


The  spinal  cord  by  itself  is  not  sufficient  to  produce  the  muscular 
actions  required  for  standing  and  locomotion;  since  we  know  that  any 
sudden  lesion  which  deeply  injures  the  brain,  or  cuts  off  the  medulla 
oblongata,  or  divides  the  spinal  cord  above  the  cervical  or  lumbar  enlarge- 
ments, either  in  mammalia  or  in  man,  instantly  destroys  the  power  of 
standing  upright,  or  of  making  any  effective  movements  of  locomotion. 
In  the  frog,  an  attitude  very  similar  to  the  natural  one  is  often  preserved 
after  decapitation,  since  the  body  rests  by  most  of  its  under  surface 
upon  the  ground  ; and  the  contact  of  the  integument,  through  the  reflex 
action  of  the  spinal  cord,  brings  the  limbs  underneath  it  in  a flexed 
position.  If  such  a frog  be  held  suspended  in  the  air,  the  limbs  hang 
down  in  a relaxed  condition,  and  again  assume  the  natural  attitude  of 
flexion,  when  replaced  in  contact  with  a hard  surface ; and,  according  to 
Poincard,1  it  can  sometimes  be  made  to  execute  a series  of  leaps,  each 
concussion,  as  the  body  strikes  the  ground,  giving  a fresh  stimulus  for 
another  reflex  movement  of  extension  in  the  limbs.  But  in  the  case  of 
the  frog  and  of  the  amphibious  reptiles  generally,  the  muscular  actions 
required,  both  for  the  attitude  and  for  locomotion,  are  of  the  simplest 
character.  In  the  warm-blooded  quadrupeds  and  in  man,  on  the  other 
hand,  the  act  of  volition  is  essential  for  either  standing  or  progression; 
and  both  these  powers  are  abolished  by  cutting  off  the  communication 
of  the  spinal  cord  with  the  brain. 

But,  although  the  voluntary  impulse  is  necessary  to  produce  the  acts 
of  standing  or  walking,  it  does  not  seem  to  be  concerned  in  the  details 
of  their  mechanism.  Once  excited,  the  nervous  action  by  which  walking 
is  accomplished  may  be  kept  up  without  any  mental  effort,  the  attention 
being  directed  to  something  else.  All  we  have  to  do  is,  to  commence 
the  process  by  an  act  of  volition,  and  the  requisite  nervous  machinery 
is  at  once  set  in  motion.  If  we  decide  to  turn  a corner,  all  the  muscular 
combinations  necessary  for  that  purpose  are  effected  without  the  imme- 
diate intervention  of  the  consciousness  or  the  will.  This  secondary 
action,  by  which  the  different  motor  impulses  are  combined  in  the  limbs 
and  trunk,  is  undoubtedly  dependent  upon  the  integrity  of  the  spinal 
cord. 

The  precise  mode  in  which  this  action  is  accomplished  is  not  positively 
ascertained.  The  most  probable  explanation  at  present  known  is  that 
it  is  due  to  a constant  reflex  activity  of  the  cord,  by  which  the  muscles 
in  different  parts  of  the  body  and  limbs  are  kept  in  the  proper  degree 
of  tension  or  relaxation;  and  that  the  different  parts  of  the  cord  are 
united  with  each  other  for  this  purpose  by  longitudinal  commissural 
fibres  which  enter  and  leave  its  gray  substance  at  successive  points. 
Some  authors  (Todd,  Yulpian,  Poincard)  adopt  the  opinion  that  the 
posterior  columns  constitute  such  longitudinal  commissures.  The 
reasons  for  this  opinion  are  not  fully  satisfactory,  since  anatomical 
investigation  has  thus  far  failed  to  show  what  is  the  actual  origin  and 

1 Lcqoiis  sur  la  Physiologic  du  Systdinc  Nervcux.  Paris,  1873,  p.  72. 
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termination  of  the  longitudinal  fibres  of  these  columns ; but  there  are 
several  facts  -which  give  it  a strong  degree  of  probability.  The  three 
principal  reasons  in  support  of  this  view  are  as  follows : 

I.  The  posterior  columns,  as  fully  shown  by  direct  experiment,  are 
not  the  necessary  organs  of  transmission  for  either  sensation  or  volun- 
tary motion ; and  they  are,  nevertheless,  composed  of  nerve  fibres  which 
run  in  a longitudinal  direction.  In  all  the  white  columns  of  the  cord, 
in  their  deeper  parts,  where  they  lie  in  contact  with  the  gray  substance, 
there  are  oblique  or  horizontal  fibres,  entering  or  emerging  from  the 
gray  substance,  -which  may  either  belong  to  the  anterior  and  posterior 
nerve  roots,  or  may  be  commissural  fibres  running  lengthwise  from  one 
part  of  the  cord  to  the  other. 

II.  According  to  Yulpian,1  if  the  posterior  columns  be  divided  by 
several  transverse  sections,  at  intervals  of  two  or  three  centimetres  dis- 
tance from  each  other,  the  effect  of  the  operation  is  a singular  disturb- 
ance in  the  power  of  locomotion,  like  what  would  be  produced  by  a loss 
of  harmony  in  muscular  action. 

III.  The  most  important  facts,  however,  bearing  on  this  question,  are 
those  connected  with  the  disease  in  man,  known  as  locomotor  ataxia. 
In  this  affection  there  is  a remarkable  difficulty  in  walking,  of  such  a 
character  that  the  patient’s  natural  gait  is  altered,  and  he  is  no  longer 
sure  of  his  movements.  He  loses  more  or  less  the  power  of  equilibrium, 
and  cannot  guide  his  foot  to  a particular  point  without  looking  at  it 
and  at  the  same  time  making  a direct  effort  of  the  will.  Consequently 
locomotion,  as  it  is  usually  performed,  becomes  impossible ; and  yet  the 
patient  has  not  lost  the  power  of  voluntary  movement  in  any  degree, 
since  he  can  often  exert  as  much  muscular  force  as  ever  in  grasping  an 
object  or  in  simply  pushing  or  pulling  with  his  legs  or  arms.  But  he 
has  lost  the  power  of  guiding  his  movements  by  an  involuntary  combi- 
nation, so  as  to  perform  with  ease  the  act  of  ordinary  locomotion.  It 
is  for  this  reason  that  the  affection  is  called  “ ataxia,”  and  not  paralysis. 

In  this  disease  the  only  parts  of  the  nervous  system  which  are  always 
found  to  be  affected  are  the  posterior  columns  of  the  spinal  cord.  They 
are  the  seat  of  a structural  degeneration  termed  “ sclerosis,”  in  which 
the  elements  of  the  connective  tissue  are  increased  in  quantity  and  den- 
sity, while  the  nerve  fibres  are  altered  and  atrophied,  or  finally  disappear 
altogether.  According  to  Brown-Sequard,  an  alteration  limited  to  a 
small  extent  of  the  posterior  columns  does  not  usually  affect  the  volun- 
tary movements;  but  if  it  extend  for  a few  inches  in  length,  in  either 
the  cervical  or  the  dorso-lumbar  region,  it  always  causes  a disturbance 
of  these  movements;  and  when  it  occupies  the  whole  length  and  thick- 
ness of  these  columns,  the  patient  can  neither  stand  nor  walk,  although 
while  lying  down  and  with  the  aid  of  vision  he  can  move  his  limbs 
freely  in  any  direction. 

> Legons  sur  la  Pliysiologie  du  Sysffime  Nerveux.  Paris,  1866,  p.  381. 
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Another  important  action  of  the  spinal  cord,  as  a nervous  centre, 
consists  in  its  control  over  the  sphincters  and  the  organs  of  eoacuation. 

TV  hile  the  small  intestine,  the  csecum,  and  the  colon  are  supplied  ex- 
clusively with  nerves  from  the  abdominal  plexuses  of  the  sympathetic 
system,  the  lower  portion  of  the  rectum  receives  branches  from  the 
sacral  plexus  of  spinal  nerves,  which  are  distributed  both  to  its  mucous 
membrane  and  its  muscular  apparatus.  The  lower  part  of  the  large 
intestine  acts  in  great  measure  as  a temporary  reservoir,  in  which  the 
leces,  brought  down  from  above  b3r  peristaltic  movement,  accumulate 
until  the  time  arrives  for  their  evacuation.  The  rectum,  in  man,  is 
usually  empty,  or  nearly  so,  until  shortly  before  evacuation;  and  when 
the  feces  begin  to  pass  into  it  from  above,  it  is  still  capable  of  retaining 
them  foi  a ceitain  period.  Their  retention  and  discharge  are  provided 
for,  in  this  part  of  the  alimentary  canal,  by  two  sets  of  muscular  fibres; 
namely,  first,  the  sphincter  ani,  which  keeps  the  orifice  of  the  anus 
closed;  and  secondly,  the  levator  ani  and  the  circular  fibres  of  the 
rectum  itself,  which  by  their  contraction  open  the  anus  and  expel  the 
feces.  Both  these  acts  are  regulated  by  the  reflex  influence  of  the 
spinal  cord. 

In  the  natural  condition,  the  sphincter  ani  is  habitually  in  a state  of 
contraction,  thus  preventing  the  escape  of  the  contents  of  the  intestine. 
Any  external  irritation,  applied  to  the  verge  of  the  anus,  causes  increased 
contraction  of  its  fibres  and  a more  complete  occlusion  of  its  orifice. 
This  habitual  closure  of  the  sphincter  is  an  entirely  involuntary  act,  as 
efficient  during  profound  sleep  as  in  the  waking  condition,  and  depends 
upon  the  reflex  action  of  the  spinal  cord. 

But  when  the  rectum  is  distended  to  a certain  point  by  feces  passing 
into  it  from  above,  the  nervous  action  changes.  The  impression  then 
pioduced  upon  the  mucous  membrane  of  the  rectum,  conveyed  inward 
by  its  sensitive  nerve  fibres  to  the  spinal  cord,  causes  a relaxation  of 
the  sphincter  ani.  At  the  same  time  the  levator  ani  draws  the  borders 
of  the  relaxed  orifice  upward  and  outward,  and  the  feces  are  expelled  by 
the  contraction  of  the  muscular  fibres  of  the  rectum  itself. 

Both  these  actions  are  in  some  degree  associated,  in  a state  of  health, 
with  sensation  and  volition.  The  distension  of  the  rectum  which  pre- 
cedes an  evacuation  is  usually  accompanied  by  a distinct  sensation,  and 
the  resistance  of  the  sphincter  may  be  intentionally  prolonged  for  a cer- 
tain period.  But  this  voluntary  power  over  the  muscular  contractions 
is  limited.  After  a time  the  involuntary  impulse,  growing  more  urgent 
with  the  increased  distension  of  the  rectum,  becomes  irresistible;  and 

the  discharge  finally  takes  place  by  simple  reflex  action  of  the  spinal 
cord. 

If  the  irritability  of  the  cord  be  exaggerated  by  disease,  while  its 
connection  with  the  brain  remains  entire,  the  distension  of  the  rectum 
is  announced  by  the  usual  sensation ; but  the  reflex  impulse  to  evacua- 
tion is  so  urgent  that  it  cannot  be  controlled  by  the  will,  and  the  patient 
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is  compelled  to  allow  it  to  take  place  at  once.  The  discharges  are  then 
said  to  be  “ involuntary.” 

If  the  cord,  on  the  other  hand,  be  injured  or  divided  in  its  middle  or 
upper  portions,  the  sensibility  and  voluntary  action  of  the  sphincter  are 
lost,  because  its  connection  with  the  brain  has  been  destroyed.  rihe 
evacuation  then  takes  place  at  once,  by  the  ordinary  mechanism,  as  soon 
as  the  rectum  is  filled,  but  without  any  knowledge  on  the  part  of  the 
patient.  The  discharges  are  then  said  to  be  “ involuntary  and  uncon- 
scious.” 

Finally,  if  the  lower  portion  of  the  cord,  in  the  living  animal,  be  broken 
up  by  means  of  an  instrument  introduced  into  the  spinal  canal,  the  tonic 
contraction  of  the  sphincter  ani  at  once  disappears.  The  same  effect  is 
produced,  in  man,  by  disorganization  of  the  lower  part  of  the  spinal 
cord  from  injury  or  disease.  The  sphincter  ani  is  then  permanently 
relaxed,  and  the  feces  are  evacuated  almost  continuously,  without  the 
knowledge  or  control  of  the  patient,  as  fast  as  they  descend  into  the 
rectum  from  the  upper  portions  of  the  intestinal  canal. 

The  urinary  bladder  is  also  an  organ  both  of  reservoir  and  evacua- 
tion, which  is  protected  by  the  circular  bundle  of  muscular  fibres  at  the 
commencement  of  the  urethra,  known  as  the  “ sphinctei  vesicte.  hile 
the  nerves  distributed  to  the  kidneys  are  derived  exclusively  from  the 
cocliae  plexus  of  the  sympathetic  system,  those  of  the  bladder  consist 
partly  of  sympathetic  filaments  from  the  mesenteric  ganglia,  and  partly 
of  cerebro-spinal  filaments  from  the  lumbar  portion  of  the  spinal  cord, 
both  of  these  sets  having  united  in  the  abdomen  to  form  the  hypogastiic 


The  tonic  contraction  of  the  vesical  sphincter  during  health,  by  which 
the  urine  is  retained  in  the  bladder,  is  a continuous,  involuntary,  and 
unconscious  act,  like  that  of  the  sphincter  ani.  When  the  time  comes 
for  evacuation,  the  sphincter  is  relaxed  by  a voluntary  impulse,  and  the 
muscular  coat  of  the  bladder  contracts  so  as  to  expel  its  contents;  but 
although  the  commencement  of  this  process  is  a voluntary  one,  the  sub- 
sequent contraction  of  the  muscular  walls  of  the  bladder  continues  with- 
out any  effort  of  the  will.  According  to  the  experiments  of  Giannuzzi 
on  dogs,  irritation  of  the  lumbar  portion  of  the  spinal  cord  by  pricking 
with  a steel  needle,  causes  contraction  of  the  urinary  bladder;  and 
these  contractions  are  no  longer  produced  after  division  of  the  roots  of 
the  sacral  nerves.  Irritation  of  either  the  sympathetic  or  the  spinal 
nerve  filaments  going  to  the  hypogastric  plexus  produced  contraction 
of  the  bladder,  but  these  contractions  were  more  energetic  m the  lattei 


case  than  in  the  former. 

Diseases  or  injuries  of  the  spinal  cord  which  cause  complete  para- 
plegia, also  usually  produce  a paralysis  of  the  bladder.  So  far  as  re- 
gards contraction  of  the  bladder  itself,  therefore,  this  act  is  under  the 
influence  both  of  the  sympathetic  and  cerebro-spinal  systems;  but  its 


i Journal  de  la  Fhysiologie.  Paris,  1863,  tome  vi.  p.  22. 
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most  energetic  stimulus  is  derived  from  the  spinal  cord  through  the 
sacral  nerves. 

The  closure  or  relaxation  of  the  sphincter  vesicse,  on  the  other  hand, 
is  regulated  by  nervous  influences  coming  from  the  cerebro-spinal  sys- 
tem alone.  The  contraction  of  the  sphincter  offers  a resistance  to  the 
escape  of  fluid  from  the  bladder,  which  may  be  measured,  and  which 
was  found  by  Kupressow,1  in  the  rabbit,  to  be  equal  to  the  pressure  of 
a column  of  water  more  than  40  centimetres  in  height.  That  is,  if  in 
the  living  animal  one  of  the  ureters  were  closed  by  a ligature,  and  an 
upright  tube  fastened  in  the’  other,  the  bladder  and  the  upright  tube 
might  be  filled  with  water  to  a height,  on  the  average,  of  44  centimetres 
without  any  of  it  escaping  by  the  urethra ; beyond  that  point  the  con- 
tractile power  of  the  sphincter  was  overcome,  and  the  water  was  dis- 
charged by  the  urethral  orifice. 

The  experiments  of  Kupressow  also  Show  that  the  nervous  centre 
upon  which  the  sphincter  vesicm  depends  for  its  reflex  stimulus  is  in 
the  lumbar  portion  of  the  spinal  cord.  For  if  the  cord  were  divided  at 
the  level  of  the  first  or  second  lumbar  vertebrae,  no  difference  was  per- 
ceptible in  the  amount  of  resistance  to  pressure  offered  by  the  sphincter ; 
and  sections  at  the  levels  of  the  third  and  fourth  lumbar  vertebrae  made 
a difference  of  onty  two  centimetres.  But  if  the  section  of  the  cord  were 
made  at  the  fifth  lumbar  vertebra,  the  resistance  of  the  sphincter  was  at 
once  reduced  to  14  centimetres;  and  the  same  effect  was  produced  by 
section  at  the  sixth  and  seventh  vertebrae  of  the  same  region.  The 
tonic  contraction,  therefore,  of  the  sphincter  vesicas,  although  it  may  be 
aided  by  an  act  of  volition,  is  directly  dependent  upon  a nervous  centre 
situated,  in  the  rabbit,  about  the  middle  of  the  lumbar  portion  of  the 
spinal  cord ; since  this  contraction  persists  after  the  cord  has  been 
separated  from  the  brain  by  a section  at  or  above  the  fourth  lumbar 
vertebra,  while  it  disappears  if  the  section  be  made  at  or  below  the  fifth 
lumbar  vertebra,  thus  either  destroying  the  nervous  centre  itself  or 
cutting  off  its  communication  with  the  bladder. 

Both  the  retention  of  the  urine  in  the  bladder  and  its  evacuation  may 
also  be  accomplished  without  the  aid  of  any  voluntary  act.  This  is 
shown  by  the  experiments  of  Goltz,2  who  found  that  after  division  of 
the  spinal  cord,  in  dogs,  between  the  dorsal  and  lumbar  regions,  the 
animals,  though  deprived  of  sensibility  and  voluntary  motion  in  the 
posterior  parts  of  the  body,  could  often  retain  their  urine  for  a con- 
siderable time,  and  also  evacuate  it  by  a regular  and  forcible  contrac- 
tion of  the  bladder. 

In  man,  when  the  sensibility  of  the  mucous  membrane  of  the  bladder 
or  neighboring  parts  is  increased  by  inflammation,  the  reflex  impulse  to 
micturition  is  increased  in  intensity,  producing  an  intolerance  of  urine. 
Under  these  circumstances  the  urine  is  discharged  by  a reflex  act  as 

1 Archiv  fiir  die  gesammte  Physiologie.  Bonn,  1872,  Band  v.  p.  291. 

2 Archiv  fiir  die  gesammte  Physiologie.  Bonn,  1874,  Band  viii.  p.  474. 
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soon  as  a small  quantity  of  it  has  accumulated  in  the  bladder.  The 
impression  which  excites  this  discharge  is  accompanied  by  a conscious 
sensation,  but  is  too  urgent  to  be  resisted  by  the  will. 

On  the  other  hand,  injury  or  destruction  of  the  spinal  cord  in  the 
dorsal  region  may  cut  olf  all  sensibility  and  voluntary  power  over  the 
bladder,  and  yet  the  organ  may  be  evacuated  at  regular  intervals  by 
the  reflex  action  of  the  lumbar  portion  of  the  cord.  But  in  diseases  or 
injuries  affecting  extensively  the  lower  portion  of  the  cord,  a complete 
paralysis  of  the  bladder  is  often  produced.  The  patient  is  consequently 
unable  to  discharge  his  urine  in  the  ordinary  way,  and  requires  to  be 
relieved  by  the  introduction  of  a catheter.  If  this  be  not  done,  the 
urine  accumulates  in  the  bladder ; being  retained  for  a time  by  the 
elastic  tissues  surrounding  the  neck  of  the  bladder  and  the  urethra. 
But  after  the  distension  of  its  walls  has  reached  a certain  point,  the 
mechanical  resistance  of  the  bladder  becomes  too  great  to  allow  any 
further  accumulation;  and  the  urine  dribbles  away  from  the  urethra  as 
fast  as  it  is  excreted  by  the  kidneys.  Paralysis  of  the  bladder,  accord- 
ingly, first  causes  a permanent  distension  of  the  organ,  which  is  after- 
ward followed  by  a continuous,  passive  and  incomplete  discharge  of  its 
contents. 

The  spinal  cord,  therefore,  in  its  character  as  a nervous  centre,  exerts 
a general  protective  influence  over  the  whole  body.  It  presides  over 
the  involuntary  movements  of  the  limbs  and  trunk ; it  supplies  the 
requisite  nervous  connection  between  different  muscular  actions  foi  the 
attitude  and  locomotion  ; and  by  its  control  over  the  musculai  appa- 
ratus of  the  rectum  and  bladder,  it  regulates  the  accumulation  and 
discharge  of  the  excrementitious  products  of  the  system. 


CHAPTER  Y. 


THE  BRAIN. 

The  brain,  or  encephalon,  comprises  all  that  portion  of  the  cerebro- 
spinal axis  which  is  contained  within  the  cavity  of  the  cranium.  It 
consists  of  a variety  of  nervous  centres,  or  collections  of  gray  substance, 
connected  with  each  other  and  with  that  of  the  spinal  cord  by  tracts  of 
longitudinal,  transverse,  oblique,  and  radiating  nerve  fibres.  The  results 
of  experimental  investigation  leave  no  doubt  that  each  one  of  these 
diffeient  nervous  centres  has  a special  function,  more  or  less  independent 
of  the  otheis  in  its  immediate  action,  though  necessarily  connected  witli 
the  rest  in  the  production  and  external  manifestation  of  the  nervous 
phenomena.  They  are  situated  upon  both  sides  of  the  median  line,  and 
are,  for  the  most  part,  evidently  arranged  in  symmetrical  pairs,  like  the 
hemispheres  of  the  cerebrum,  the  cerebral  ganglia,  the  olfactory  lobes, 
the  tubercula  quadrigemina,  and  the  two  halves  of  the  cerebellum.  The 
largest  of  these  nervous  centres,  forming  in  man  nearly  four-fifths  of  the 
mass  of  the  entire  brain,  are  the  two  convoluted  masses  known  as  the 
“hemispheres”  of  the  cerebrum. 

The  Hemispheres. 

The  hemispheres  form  two  ovoidal  masses  of  nervous  matter,  flattened 
against  each  other  at  the  median  line,  where  the}'  are  separated  by  the 
great  longitudinal  fissure,  corresponding  to  the  posterior  median  fissure 
o the  spinal  cord,  and  presenting  on  their  lateral  surfaces  a general 
rounded  or  hemispherical  form,  whence  their  name  is  derived.  They 
consist  externally  of  a layer  of  gray  nervous  substance,  and  internally 
of  a mass  of  white  substance,  the  fibres  of  which  may  be  said  in  general 
terms  to  radiate  from  the  cerebral  ganglia  (corpora  striata  and  optic 
thalami)  toward  the  cortical  layer  of  the  hemispheres.  The  external 
a.yer  of  gray  substance,  and  consequently  the  surface  of  the  hemis- 
pheres, is  thrown  into  numerous  folds  or  convolutions,  which  are  sepa- 
rated from  each  other  by  fissures,  generally  from  10  to  25  millimetres 
c eep.  hese  fissures,  like  the  great  longitudinal  fissure  in  the  median 
line,  are  simply  spaces  where  the  opposite  surfaces  of  two  adjacent  con- 
volutions lie  in  contact  with  each  other;  and  they  indicate  the  points 
a which  the  external  layer  of  gray  matter  dips  down  toward  the  interior, 
o return  upon  itself  and  form  the  next  convolution.  The  larger  quan- 
tity of  gray  substance  is,  therefore,  situated  at  the  fissures  rather  than 
at  the  projecting  edges  of  the  convolutions  between  them  ; and  the  more 
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numerous  and  deeper  the  fissures  upon  the  surface  of  a brain,  the  greater 
is  the  amount  of  gray  substance  which  it  contains. 

Although  the  cerebral  fissures  and  convolutions  are  never  all  precisely 
the  same  in  any  two  brains,  nor  even  exactly  symmetrical  in  the  two 
hemispheres  of  a single  brain,  yet  the  principal  ones  are  sufficiently 
constant  to  be  regarded  as  essential  features  of  the  organ ; and  the 
remainder,  while  varying  within  certain  limits,  exhibit  a general  arrange- 
ment which  is  characteristic  of  the  species  of  animal  to  which  they  belong. 
In  man  they  attain  a very  high  degree  of  development ; and  their  nomen- 
clature is  important  as  enabling  us  to  recognize  different  parts  of  the 
cerebral  surface. 

Fig.  156. 


PLAN  OF  THU  FlSSUKES  AND  CONVOLUTIONS  OF  THE  HUMAN  BHAIN.  The 
fissures  are  designated  by  letters,  the  o°nv°lutionB  by  numbers^  Eo]ando.  ’ P. 

Anterior  ascending  branch;  b.  Posterior  honzo  frontal  convolution.  3.  Third 

Parietal  fissure.  1.  First  frontal  convoution  2 Second  ^ convolution, 

frontal  convolution.  4.  Anterior •central  “nv°^  8. 

LguC;?nvVoSio0nr  T^Moral  convolution  10.  Inferior  temporal  convolution. 
n.  Upper  parietal  convolution.  12.  Occipital  convolutions. 


Next  in  importance  to  the  great  longitudinal  fissure,  which  separates 
the  two  hemispheres  upon  the  median  line,  is  the  Fissure  of  Sylvius  (S) 
This  is  a much  deeper  cleft  than  the  others,  and  exists,  according  to 
pr0f.  Wilder,  in  the  brains  of  all  animals  where  the  cerebral  surface  is 
fissured  at  all.  In  the  human  foetus  it  is  the  first  to  appear,  being  s 
ble  as  early  as  the  third  month ; and  in  the  adult  it  forms  a basis 
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the  whole  geographical  division  of  the  hemisheres.  It  commences  as  a 
transverse  indentation  . on  the  under  surface  of  the  brain,  running  thence 
outward,  backward,  and  upward,  thus  forming  the  anterior  boundary 
of  the  middle  or  temporal  lobe,  in  the  inferior  animals,  the  whole 
hemisphere  is  seen  to  be  curved  round  this  fissure,  the  convolutions 
generally  following  its  course  and  bending  round  its  upper  extremity  in 
an  arched  form;  and  in  the  human  brain  this  arrangement  of  the  lateral 
convolutions  is  also  distinctly  visible. 

On  the  outer  side  of  the  cerebral  hemisphere,  where  it  emerges  from 
the  base  of  the  brain,  the  fissure  of  Sylvius  presents,  in  man,  two  dis- 
tinct branches,  namely  a shorter,  anterior,  ascending  branch  (a),  and  a 
longer,  posterior,  more  horizontal  branch  (6,6,6).  At  its  middle  and 
anterior  portions,  this  fissure  is  very  deep,  and  conceals  within  its  folds 
a projecting  group  of  short  radiating  convolutions,  belonging  to  the 
under  surface  of  the  brain,  between  the  anterior  and  temporal  lobes, 
called  the  “Island  of  Reil.” 

The  second  fissure  in  importance,  visible  upon  the  convexity  of  the 
hemisphere,  is  the  Fissure  of  Rolando  (R).  This  fissure  runs  from 
near  the  median  line  transversely  outward  and  somewhat  obliquely  for- 
ward, reaching  nearly  to  the  middle  of  the  fissure  of  Sylvius,  aud  form- 
ing the  boundary  line  between  the  frontal  and  parietal  portions  of  the 
hemisphere.  It  is  bordered  by  two  convolutions,  one  on  each  side, 
running  parallel  with  itself,  namely,  the  anterior  and  posterior  central 
convolutions  (4,  5). 

The  third  principal  fissure  is  the  Parietal  Fissure  (P).  It  starts 
from  immediately  behind  the  posterior  central  convolution,  and  runs 
backward  through  the  parietal  portion  of  the  hemisphere,  curving  some- 
what downward  upon  itself  toward  its  posterior  extremity.  Outside 
and  below  it  are  the  arched  convolutions  about  the  fissure  of  Sylvius; 
inside  and  above  it  is  a convolution  running  parallel  with  the  great 
longitudinal  fissure. 

Beside  the  three  fissures  just  named  there  are  five  others,  which,  though 
less  deep  and  strongly  marked,  are  constantly  present  and  show  a con- 
siderable regularity  in  their  position  and  arrangement.  Three  of  them 
are  in  the  anterior  or  frontal  lobe,  in  front  of  the  fissure  of  Rolando. 
The  first  runs  parallel  with  the  fissure  of  Rolando,  and  a little  in 
advance  of  it,  toward  the  anterior  extremity  of  the  hemisphere.  It  is 
called  the  “prsecentral  fissure.”  The  second  runs  through  nearly  the 
whole  length  of  the  frontal  lobe,  in  a general  direction  parallel  with 
that  of  the  great  longitudinal  fissure.  It  divides  the  upper  from  the 
middle  portion  of  the  frontal  lobe,  and  is  called  the  “ superior  frontal 
fissure.”  T he  third  is  the  “inferior  frontal  fissure,”  and  surrounds  the 
upper  end  of  the  short  ascending  branch  of  the  fissure  of  Sylvius.  The 
two  remaining  fissures  of  this  grade,  visible  in  a lateral  view  of  the 
biain,  are  situated  in  the  temporal  lobe,  below  and  behind  the  fissure  of 
Sylvius,  with  which  they  run  in  a general  parallel  direction. 

In  addition  to  the  fissures  already  described  there  are  many  others 
31 
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of  secondary  importance  and  more  irregular  in  location,  which  increase 
the  convoluted  aspect  of  the  cerebral  surface.  Some  of  them  run  longi- 
tudinally along  the  middle  of  a convolution,  dividing  it  into  two  nar- 
rower parallel  folds ; and  some  of  them  pass  transversely  from  one  of 
the  main  fissures  to  another,  appearing  to  cut  across  the  intervening 
convolution.  But  in  many  instances,  if  the  arachnoid  and  pia  mater  he 
removed,  it  will  be  found  that  these  secondary  fissures  are  merely  super- 
ficial indentations  on  the  surface,  or  furrows  for  the  accommodation  of 
a vascular  branch ; and  that  they  do  not,  like  the  others,  penetrate  deeply 
into  the  substance  of  the  brain. 

The  principal  convolutions  to  be  distinguished  on  the  convexities  ol 
the  hemispheres  are  as  follows: 

The  First  Frontal  Convolution  (1)  runs  from  the  upper  end  of  the 
anterior  central  convolution,  just  in  front  of  the  commencement  of  the 
fissure  of  Rolando,  forward  along  the  edge  of  the  great  longitudinal 
fissure  to  the  anterior  extremity  of  the  frontal  lobe,  where  it  bends 
downward  and  backward,  terminating  below  in  a straight  convolution 
next  the  median  line,  and  resting  upon  the  upper  surface  of  the  orbital 
plate.  This  convolution  is  divided  and  folded  in  many  ways  by  secon- 
dary transverse,  oblique,  and  longitudinal  fissures,  but  its  general  direc- 
tion is  easily  recognized.  It  is  bounded  externally  by  the  superior 
frontal  fissure. 

The  Second  Frontal  Convolution  (2)  also  takes  its  origin  at  the  anterior 
central  convolution,  from  which  it  is  more  or  less  completely  separated 
by  the  prsecentral  fissure ; thence  running  downward  and  forward  over 
the  anterior  and  lateral  part  of  the  frontal  lobe.  This  is  the  widest  of 
the  three  frontal  convolutions,  and  the  most  abundantly  variegated  by 
secondary  folds  and  fissures.  It  is  separated  from  the  first  frontal  con- 
volution by  the  superior  frontal  fissure,  and  from  the  third  by  the  inferior 
frontal  fissure. 

The  Third  Frontal  Convolution  (3)  is  situated  at  the  lower  and  outer 
part  of  the  frontal  lobe,  and  curves  round  the  anterior  ascending  branch 
of  the  fissure  of  Sylvius.  It  communicates  posteriorly  with  the  lower 
end  of  the  anterior  central  convolution,  and  by  this  portion  of  its  sub- 
stance helps  to  cover  in  and  conceal  the  island  of  Reil  at  the  bottom  ot 
the  fissure  of  Sylvius. 

The  Anterior  Central  Convolution  (4)  runs  transversely  outward  and 
forward  along  the  front  edge  of  the  fissure  of  Rolando.  It  is  usually 
a single  convolution,  but  is  more  or  less  folded  laterally  by  transverse 
indentations.  It  communicates  with  the  first  frontal  convolution  above 
and  with  the  third  frontal  convolution  below.  It  also  curves  round  the 
lower  end  of  the  fissure  of  Rolando,  to  unite  with  the  following  convo- 
lution, which  may  be  said  to  be  a continuation  ot  it. 

The  Posterior  Central  Convolution  (5)  also  runs  parallel  with  the  fissure 
of  Rolando,  but  behind  it.  Above,  it  turns  backward  and  is  continuous 
with  the  convolutions  of  the  upper  part  of  the  parietal  lobe. 
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The  Supra-Sylvian  or  Supra-ma? ginal  Convolution  (6)  starts  from  tlie 
lower  end  of  the  posterior  central  convolution  and  thence  arches  round 
the  extremity  of  the  fissure  of  Sylvius.  It  then  continues  its  curvilinear 
course,  running  downward  and  forward,  parallel  with  the  inferior  margin 
of  the  fissure  of  Sylvius,  toward  the  anterior  extremity  of  the  temporal 
lobe.  In  this  situation  it  is  known  as  the  First  Temporal  Convolution  (7). 
Throughout  its  course,  it  is  generally  divided  into  two  parallel  convolu- 
tions by  a secondary  fissure  running  along  its  axis,  and  both  of  these 
secondary  convolutions  are  more  or  less  folded  transversely. 

Tli q. Angular  Convolution  (8)  originates  from  the  preceding  and  follows 
the  inferior  edge  of  the  parietal  fissure  backward  to  its  posterior  extremity, 
where  it  makes  a rather  sharp  turn  downward  and  forward,  whence  its 
name  of  the  “angular  convolution.”  It  then  becomes  continuous  with 
the  Second  Temporal  Convolution  (9)  running  downward  and  forward  to 
the  extremity  of  the  temporal  lobe.  Below  this  portion,  and  running 
parallel  with  it,  is  the  Third  Temporal  Convolution  (10)  which  forms  the 
inferior  border  of  the  temporal  lobe. 

The  Upper  Parietal  Convolution  (11)  is  situated  above  the  parietal 
fissure,  between  it  and  the  posterior  part  of  the  great  longitudinal 
fissure.  Like  the  corresponding  frontal  convolutions,  it  is  much  divided 
by  irregular  secondary  foldings,  and  is  connected  with  other  convolutions 
which  are  concealed  within  the  great  longitudinal  fissure.  There  are  also 
a number  of  Occipital  Convolutions  (12), both  longitudinal  and  transverse, 
but  these  are  not  conspicuous  in  a lateral  view  of  the  cerebral  hemi- 
spheres. They  are  more  or  less  continuous  with  the  upper  parietal  con- 
volution above,  and  with  the  second  and  third  temporal  convolutions 
below. 

On  a transverse  horizontal  section  of  the  brain,  the  convolutions  are 
seen  to  penetrate  into  its  substance  for  varying  distances  at  different 
regions.  In  the  anterior  and  posterior  parts  the  foldings  are  more 
nearly  regular  in  depth,  and  leave  a comparatively  thick  layer  of  white 
substance  between  the  cerebral  ganglia  and  the  gray  matter  of  the  con- 
volutions. But  at  the  sides  of  the  brain,  at  the  situation  of  the  fissures 
of  Sylvius,  the  convolutions  reach  to  a much  greater  depth.  The  cere- 
bral ganglia  are  placed  on  each  side  the  median  line,  near  the  centre 
of  the  brain;  the  corpora  striata  being  separated  from  each  other  ante- 
riorly by  the  septum  lucidum  and  the  cavity  of  the  lateral  ventricles, 
and  the  two  optic  thalami  being  separated  in  a similar  manner  by  the 
cavity  of  the  third  ventricle,  except  where  they  are  united  by  the  soft 
commissure. 

The  optic  thalami  (Fig.  157, 9 ) are  surrounded  on  their  outer  borders, 
and  separated  from  the  corpora  striata,  by  a band  of  white  substance, 
the  internal  capsule  ( 10 ) consisting  of  fibres  passing  upward  from  the 
crura  cerebri.  The  corpora  striata  (,_„)  form  on  each  side,  at  their  in- 
ferior portions,  a continuous  mass  of  gray  substance;  but  for  the  greater 
part  of  their  thickness  they  are  divided  into  two  parts  by  a tract  of 
white  substance,  continuous  with  the  internal  capsule,  and,  like  it,  con- 
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sisting  of  bundles  of  ascending  fibres  derived  from  the  crura  cerebri. 
The  anterior  and  more  internal  of  the  two  parts  into  which  the  corpus 
striatum  is  thus  divided  is  the  caudate  nucleus  ( 7 ),  so  called  because  a 
horizontal  section  through  its  uppermost  portion  exhibits  a slender, 


Fig.  157. 


Horizontal  Section  of  the  Human  Brain,  at  the  level  of  the  cerebral  ganglia. 
-1  2 Anterior  and  posterior  portions  of  the  great  longitudinal  fissure.  3,  4.  Anterior  and 
nos tenor  parts  of  the  corpus  callosum.  6.  Fissure  of  Sylvius.  6.  Beginning  of  the  convo  u- 
tions  of  the  Island  of  Beil.  7,8.  Corpus  striatum.  7.  Caudate  nucleus.  8.  Lenticular 
nucleus.  9.  Optic  thalamus.  10.  Internal  capsule.  11.  External  capsule.  12.  Claustrum. 


tail-like  prolongation  in  a backward  direction  ; the  posterior  and  more 
lateral  part  is  called  the  lenticular  nucleus  ( s ),  from  its  having,  m a 
section  at  its  mid-level,  a tolerably  regular  lens-like  figure.  Both  the 
optic  thalamus  and  the  corpus  striatum  are  traversed  by  slender  bundles 
of  fibres,  visible  to  the  naked  eye,  and  which  have  a generally  radiating 


direction  upward  and  outward.  . 

The  outer  surface  of  the  lenticular  nucleus  is  inclosed  by  a thin  layer 

of  white  substance,  the  external  capsule  (u),  in  which  is  also  to  be 
seen  a very  narrow  band  of  isolated  gray  substance,  termed  the  claus- 
trum” ( At  this  situation  the  layer  of  gray  substance  at  the  bottom 
of  the  fissure  of  Sylvius  is  separated  from  the  corpora  striata  by  on  y a 
very  narrow  interval;  and  the  fibres  running  outward  and  downward 
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from  these  bodies  "would  reach  almost  immediately  the  convolutions  of 
the  Island  of  Reil. 

Intimate  Structure  of  the  Hemispheres. — As  the  longitudinal  tracts 
of  white  substance  pass  upward  and  forward  from  the  medulla  oblongata 
and  tuber  annulare  to  the  base  of  the  hemispheres,  they  form  the  two 
irregularly  cylindrical  masses  known  as  the  “crura  cerebri.”  Their 
fibres  plunge,  for  the  most  part,  directly  into  the  substance  of  the  cor- 
pora striata  in  front,  and  of  the  optic  thalami  behind  ; while  from  these 
two  pairs  of  ganglia  other  fibres  emerge  into  the  white  substance  of  the 
hemispheres.  A portion  of  the  fibres,  however,  coming  from  the  crura 
cerebri,  pass,  according  to  V ulpian,  Henle,  and  Meyneit,  unintenuptedly 
onward,  in  the  internal  capsule  between  the  optic  thalamus  aud  corpus 
striatum,  and  between  the  two  nuclei  of  the  corpus  striatum ; thus 
reaching  the  white  substance  of  the  hemispheres  without  having  tra- 
versed the  gray  matter  of  the  ganglia. 

From  this  level,  that  is,  above  and  outside  of  the  cerebral  ganglia,  the 
ascending  divergent  tracts  of  white  substance  form  a spreading  crown 
of  nerve  fibres,  which  radiate  in  all  directions  to  the  layer  of  gray  sub- 
stance on  the  exterior.  These  fibres  are  of  very  small  size,  as  compared 
with  those  in  the  peripheral  portion  of  the  nervous  system ; their  aver- 
age diameter,  according  to  Kolliker,  being  4.5,  and  none  ol  them  being 
larger  than  6.7  micro-millimetres  in  thickness. 

The  general  direction  of  the  radiating  nerve  fibres  is  easily  seen,  in 
brains  hardened  in  alcohol,  to  be  that  described  above.  At  the  same 
time,  microscopic  examination  shows  that  they  are  abundantly  mingled 
with  other  fibres  which  cross  them  at  right  angles,  or  nearly  so,  and 
which  are  to  be  found  more  or  less  in  every  portion  of  the  white  sub- 
stance of  the  hemispheres.  These  horizontal  or  curvilinear  cross  fibres 
are  derived  in  great  measure  from  the  lateral  expansions  of  the  corpus 
callosum , the  transverse  fibres  of  which  spread  out  in  various  direc- 
tions, bending  toward  the  convolutions  of  the  upper,  middle,  and  lower' 
part  of  the  hemispheres.  As  these  fibres  come  from  the  median  line  at 
the  level  of  the  corpus  callosum,  they  necessarily  cross  those  which  are 
ascending  from  the  cerebral  ganglia  below.  The  corpus  callosum  is 
consequently  a great  transverse  commissure,  uniting  the  two  hemi- 
spheres of  the  cerebrum  with  each  other.  There  are  also  fibres  imme- 
diately beneath  the  cortical  layer  of  gray  substance,  following  the  curve 
of  the  convolutions  where  they  project  inward  into  the  white  substance. 
These  are  known  as  the  “ arciform  fibres,”  and  are  regarded  as  connect- 
ing filaments  between  the  gray  substance  of  adjacent  convolutions. 

The  gray  substance  of  the  cerebral  convolutions  forms  an  external 
layer,  from  two  to  three  millimetres  in  thickness,  into  which  the  fibres 
of  the  white  substance  penetrate  from  within  in  a perpendicular  manner. 
It  consists  of  a uniform  granular  matrix,  in  which  are  imbedded  the 
nerve  cells,  and  through  which  the  fibres  continue  their  course  in  va- 
rious directions.  The  nerve  cells  are  rounded  or  irregular  in  form,  with 
a varying  number  of  simple  or  branched  prolongations.  In  the  middle 
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Fig.  158. 


Vertical  Section  of  one  of  the  Ok- 
sebral  Convolutions  showing  pyramidal 
cells,  anil  bundles  of  fibres  passing  outward  from 
tbe  white  substance.  Magnified  300  diameters. 
(Ilenle.) 


portion  of  the  layer  of  graj' 
substance,  the  cells  are  distin- 
guished by  their  pyramidal 
form  ; the  pointed  extremity  of 
the  cell  being,  with  fewr  excep- 
tions, directed  toward  the  surface 
of  the  brain,  and  the  base  toward 
the  white  substance  of  the  inte- 
rior. According  to  Henle,  they 
have  an  average  diameter  of  15 
mmm.  Two,  three,  or  sometimes 
even  four  prolongations  extend 
from  the  angles  at  the  base  of 
the  cell,  running  inward  toward 
the  white  substance,  and  be- 
coming more  or  less  divided  and 
ramified ; while  the  pointed  ex- 
tremity, on  the  other  hand,  ex- 
tends outward  in  a single  pro- 
longation toward  the  cerebral 
surface. 

The  fibres,  as  they  penetrate 
from  the  white  into  the  gray 
substance,  are  arranged  in  bun- 
dles, where  they  at  first  run  in 
a general  direction  parallel  with 
each  other.  But  these  bundles 
rapidly  diminish  in  size,  as  the 
fibres  diverge  laterally  to  pursue 
a more  or  less  horizontal  course ; 
and  in  the  external  portions  of 
the  gray  substance  there  are 
only  isolated  fibres  running  in 
various  directions.  In  the  gray 
substance,  the  nerve  fibres  be- 
come reduced  to  their  smallest 
dimensions,  measuring,  accord- 
ing to  Kolliker,  from  about  1 to 
2 mmm.  in  diameter.  Some  of 
them  spread  out  at  various  levels 
in  the  cortical  layer,  while  others 
continue  a vertical  or  oblique 
course  quite  to  the  superficial 
portions  of  the  gray  substance. 

The  immediate  relation  be- 
tween the  fibres  and  cells  of  the 
gray  substance  of  the  hemi- 
spheres has  not  been  determined 
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with  absolute  certainty.  Although  a few  isolated  instances  have  been 
reported  in  which  a cell  prolongation  lias  been  seen  to  become  con- 
tinuous with  a medullatcd  nerve  fibre,  it  is  usually  impossible  to 
demonstrate  this  by  direct  observation,  and  some  of  the  best  micro- 
scopists  have  been  unable  to  see  it  in  a single  instance.  The  probability 
that  such  a connection  exists  is  assumed  from  the  fact  that  many  of  the 
nerve  fibres  in  the  gray  substance  become  so  slender  and  pale  as  to 
resemble  very  closely  the  cell  prolongations ; and,  on  the  other  hand, 
the  cell  prolongations  frequently  run  in  the  same  direction  with  the 
nerve  fibres.  According  to  Henle1 2  the  prolongations,  given  off  from 
the  bases  of  the  pyramidal  cells,  are  so  often  seen  to  lose  themselves  in 
the  bundles  of  nerve  fibres  coming  from  the  white  substance  as  to  justify 
the  assumption  that  the  fibres  in  these  instances  terminate  in  the  cells. 
The  delicacy  of  texture  of  the  gray  substance  and  the  distance  through 
which  a cell  prolongation  runs  before  it  attains  the  character  of  a nerve 
fibre  may  be  sufficient  reason  why  the  connection  is  not  more  frequently 
seen  in  microscopic  preparations. 

Physiological  Properties  of  the  Hemispheres. — The  importance  of 
• the  hemispheres,  in  connection  with  the  higher  manifestations  of  nervous 
action,  is  sufficiently  indicated  by  their  excessive  development  in  man, 
as  compared  with  the  other  portions  of  the  encephalon.  For  while  in 
the  lower  mammalians  they  are  of  medium  size,  and  often  smooth  or 
sparingly  convoluted  upon  their  surface,  and  in  reptiles  and  fish  are 
sometimes  hardly  larger  than  the  other  nervous  centres  of  the  brain,  in 
man  they  acquire  such  an  extension  as  to  cover  and  surround  almost 
completely  every  other  part  of  the  encephalic  mass,  their  superficial 
layer  of  gray  substance  being  at  the  same  time  still  further  inei’eased  by 
the  multiplied  convolutions  of  its  surface. 

Notwithstanding,  however,  the  evident  importance  of  the  hemispheres 
as  special  parts  of  the  nervous  system,  the  first  fact  certainly  known  in 
regard  to  them  is  that  they  are  not , even  in  man,  directly,  essential  to 
life.  That  is  to  say,  they  do  not  hold  under  their  immediate  control 
any  of  the  physiological  acts,  like  those  of  respiration  and  circulation, 
which  are  necessary  to  the  continuance  of  vitality.  They  often  influ- 
ence these  acts,  in  an  indirect  manner,  by  the  sympathetic  connections 
of  the  nervous  system;  but  life  will  continue  for  a certain  period  under 
the  influence  of  other  nervous  centres,  without  the  aid  of  the  cerebral 
hemispheres. 

This  is  readily  demonstrated  in  some  of  the  lower  animals  by  the 
entire  removal  of  the  hemispheres  on  both  sides.  In  man,  extensive 
morbid  changes  may  take  place  in  these  parts,  or  severe  mechanical 
injuries,  accompanied  by  greater  or  less  loss  of  substance,  may  be  in- 
flicted upon  them  without  producing  a fatal  result.  In  a case  reported 
by  Prof.  Detmold,"  of  abscess  in  the  anterior  lobe  of  the  brain,  a knife 

1 Anatomie  ties  Menschen.  Braunschweig,  1871,  Nervenlehre,  p.  270. 

2 American  Journal  of  the  Medical  Sciences.  Philadelphia,  January,  1850. 
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was  passed  into  the  cerebral  substance,  making  a wound  one  inch  in 
length  and  half  an  inch  in  depth,  when  the  abscess  was  reached  and  pus 
discharged.  The  patient  immediately  aroused  from  his  comatose  con- 
dition, and  was  able  to  speak;  but  the  collection  of  pus  afterward 
returned,  and  the  patient  finally  died  at  the  end  of  seven  weeks  from 
the  time  of  opening  the  abscess. 

In  another  case,1  a pointed  iron  bar,  three  feet  and  a half  in  length, 
and  one  inch  and  a quarter  in  diameter,  was  driven  through  a man’s 
head  by  the  premature  blasting  of  a rock.  The  bar  entered  the  left  side 
of  the  face,  near  the  angle  of  the  jaw,  and  passed  obliquely  upward, 
inside  the  zygomatic  arch’ and  through  the  anterior  part  of  the  cranial 
cavity,  emerging  from  the  frontal  bone  at  the  median  line,  just  in  front 
of  the  point  of  union  of  the  coronal  and  sagittal  sutures.  The  patient 
became  delirious  within  two  days  after  the  accident,  and  subsequently 
remained  partly  delirious  and  partly  comatose  for  about  three  weeks. 
He  then  began  to  improve,  and  at  the  end  of  rather  more  than  two 
months  from  the  date  of  the  injury  was  able  to  walk  about.  At  the 
end  of  sixteen  months  the  wounds  were  healed,  and  the  patient  had 
recovered  his  general  health,  though  with  loss  of  sight  in  the  eye  of  the 
injured  side. 

The  patient  survived  for  a little  over  twelve  years,  being  able  to  do 
the  ordinary  wrork  of  an  ostler,  coachman,  and  farm-laborer,  in  all  ot 
which  occupations  he  was  employed  at  various  intervals.  He  died  in 
1861,  after  a short  illness  accompanied  by  convulsions.  The  skull, 
which  was  subsequently  deposited  in  the  Warren  Anatomical  Museum,2 
shows  the  openings  corresponding  with  the  points  of  entrance  and  exit 
of  the  iron  bar. 

The  conclusions  derived  from  comparative  anatomy,  from  pathological 
observations  in  man,  and  from  experiments  upon  animals,  all  show  that 
the  cerebral  hemispheres  are  especially  connected  with  the  manifesta- 
tions of  conscious  intelligence , as  distinguished  from  involuntary  reflex 
actions,  simple  sensations,  or  instinctive  movements. 

I.  So  far  as  we  can  judge  of  the  character  and  extent  of  these  mani- 
festations in  the  lower  animals,  thejr  correspond  directly  with  the  develop- 
ment of  the  hemispheres,  rather  than  with  that  of  any  other  portion  of 
the  encephalon.  In  many  of  the  lower  animals,  muscular  power  and 
endurance,  the  activity  of  some  of  the  special  senses,  and  the  promptitude 
and  certainty  of  the  instincts,  are  much  greater  than  in  man  ; while  in 
the  human  species,  the  intelligence  is  the  only  faculty  which  is  inv ai  i- 
ably  superior  to  that  of  animals,  and  which  always  gives  to  man  the 
advantage  over  them.  Even  among  animals,  that  which  especially  cha- 
racterizes certain  species,  and  which  most  nearly  resembles  that  of  man, 
is  a teachable  intelligence  ; that  is,  one  which  understands  the  meaning 


1 American  Journal  of  the  Medical  Sciences,  Philadelphia,  July,  1850. 

2 J.  B.  S.  Jackson,  Descriptive  Catalogue  of  the  Warren  Anatomical  Museum. 

Boston,  1870,  p.  145. 
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of  impressions  or  objects  presented  to  it,  and  thus  enables  its  possessor, 
by  comprehending  and  retaining  new  ideas,  to  profit  by  experience. 

II.  The  general  result  of  injury,  disease,  or  disorganization  of  the 
hemispheres  in  man,  especially  affecting  the  gray  substance  of  the  con- 
volutions, is  a disturbance,  diminution,  or  suspension  of  the  intellectual 
faculties.  In  these  cases,  among  the  earliest  and  most  constant  of  the 
morbid  phenomena  is  a loss  or  impairment  of  memory.  The  patient 
forgets  the  names  of  particular  objects  or  of  particular  persons ; or  he 
is  unable  to  calculate  numbers  with  his  usual  facility.  His  mental 
derangement  is  often  shown  in  the  undue  estimate  which  he  forms  of 
passing  events.  He  is  no  longer  able  to  appreciate  the  relation  between 
different  objects  and  phenomena.  He  will  show  an  exaggerated  degree  of 
solicitude  about  a trivial  occurrence,  and  will  pay  no  attention  to  matters 
of  real  importance.  As  the  difficulty  increases,  he  becomes  careless  of 
directions  and  advice,  and  must  be  managed  like  a child  or  an  imbecile. 
Finally,  when  the  injury  to  the  hemispheres  is  complete,  the*senses  may 
still  remain  .active  and  impressible,  while  the  patient  is  completely  de- 
prived of  intelligence,  memory,  and  judgment.  The  constancy  of  these 
results  when  the  lesion  is  situated  in  the  hemispheres,  and  the  fact  that 
they  often  occur  without  being  accompanied  by  any  loss  of  sensibility 
or  motion,  show  the  close  connection  between  the  mental  powers  and 
the  nervous  action  of  this  portion  of  the  brain. 

The  same  connection  is  seen  in  the  existence  of  congenital  idiocy  with 
imperfect  development  of  the  brain.  In  many  cases  the  immediate  con- 
dition upon  which  the  idiocy  depends  is  the  small  size  of  the  brain  as  a 
whole,  particularly  conspicuous  in  the  cerebral  hemispheres.  The  general 
and  special  senses,  and  the  activity  of  the  nervous  system  at  large,  are 
sometimes  fully  developed  in  these  instances,  while  the  intelligence 
proper  remains  at  so  low  a grade,  that  no  improvement  in  the  mental 
operations  is  possible  and  teaching  is  almost  without  effect. 

This  was  the  case,  in  a marked  degree,  witli  a pair  of  dwarfed  and 
idiotic  Central  American  children,  who  were  exhibited  at  one  time  in 
the  United  States,  under  the  name  of  the  “ Aztecs.”  They  were  a boy 
and  a girl,  aged  respectively  about  seven  and  five  years. 

The  antero-posterior  diameter  of  the  boy’s  head  was  only  4^  inches, 
the  transverse  diameter  less  than  4 inches.  The  antero-posterior  diameter 
of  the  girl’s  head  was  4^  inches,  the  transverse  diameter  only  3f  inches. 
The  habits  of  both,  so  far  as  regards  feeding  and  taking  care  of  them- 
selves, were  those  of  children  two  or  three  years  of  age.  They  were 
incapable  of  learning  to  talk,  and  could  only  repeat  a few  isolated  words. 
Notwithstanding,  however,  their  limited  intelligence,  they  were  remark- 
ably vivacious  and  excitable.  While  awake  they  were  in  almost  con- 
stant motion,  and  any  new  object  or  toy  presented  to  them  immediately 
awakened  a lively  curiosity.  They  understood  readily  the  meaning  of 
those  who  addressed  them,  so  far  as  it  could  be  conveyed  by  gesticula- 
tion and  the  tone  of  voice ; but  they  could  not  be  made  to  comprehend 
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The  “Aztec”  Idiotic  Uhiddhen.  — Taken  from  life,  at  five  and  seven  years  of  age. 


articulate  language,  and,  as  in  other  idiots,  mental  instruction  was  with- 
out result.  • 

III.  Experiments  performed  upon  the  lower  animals,  by  removal  of 
the  hemispheres,  lead  to  a similar  result.  In  large  and  full  grown  mam- 
malians the  injury  is  usually  fatal,  owing  in  great  measure  to  the 
attendant  hemorrhage ; but  it  may  be  performed  in  fish,  reptiles,  birds, 
and  sometimes  in  young  quadrupeds  without  producing  death.  Yulpian 
has  succeeded  in  maintaining  life,  after  this  operation,  in  the  frog,  the 
turtle,  the  pigeon,  the  cock,  the  rabbit,  and  the  rat.  The  result  is  that 
these  animals  retain  their  sensibility  and  power  of  motion,  and  continue 
to  maintain  the  normal  attitude  and  to  perform  many  instinctive  and 
reflex  movements  ; but  spontaneous  action,  and  its  conscious  adaptation 
to  external  conditions,  is  abolished  with  the  removal  of  the  cerebral 
hemispheres. 

The  operation  is  very  readily  performed  upon  the  pigeon,  and  its 
effects  in  this  animal  are  uniform  and  distinctly  marked.  After  removal 
of  both  hemispheres,  the  bird  maintains  without  difficulty  the  standing 
posture,  and  will  even  rest  upon  a perch  wdth  security  if  undisturbed; 
but  he  remains  in  a state  of  profound  quietude,  almost  completely  indif- 
ferent to  surrounding  objects.  He  stands  upon  the  ground  or  rests 
upon  his  perch,  with  the  eyes  closed  and  the  head  sunk  between  the 
shoulders.  The  plumage  is  smooth  and  glossy,  but  is  uniformly  ex- 
panded, by  erection  of  the  feathers,  so  that  the  body  appears  puffed  out 
and  larger  than  natural.  Occasionally  the  bird  opens  his  eyes,  stretches 
his  neck,  shakes  his  bill  once  or  twice,  or  smooths  down  the  feathers 
upon  his  shoulders,  and  then  relapses  into  his  former  apathetic  condi- 
tion. This  characteristic  state  of  immobility  comes  on  immediately  after 
removal  of  the  hemispheres. 

It  is  not  accompanied,  however,  by  loss  of  either  general  or  special 
sensibility.  If  the  foot  of  the  bird  be  pinched  with  a pair  of  forceps,  he 
becomes  partially  roused  and  moves  uneasily  once  or  twice  from  side  to 
side,  as  if  to  escape  the  irritation.  Yulpian  has  seen  a pigeon  within  a 
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short  time  after  the  operation  shake  the  head  briskly  m consequence  of 
a fly  having  alighted  on  the  wound.  Hearing  and  sight  also  remain. 
The  discharge  of  a pistol  behind  the  back  of  the  pigeon  will  often  cause 
him  to  open  his  eyes  and  turn  his  head  partially  round,  giving  evident 
signs  of  having  heard  the  report;  though  he  immediately  becomes  quiet 
again  and  pays  it  no  further  attention.  In  a rat  which  had  been  sub- 
jected to  this  operation  by  Yulpian,  a sharp  hissing  sound  made  by  the 
lips  produced  a sudden  start  and  movement  of  the  whole  body.  The 
same  observer  found  that  in  a pigeon,  after  the  animal  had  been  roused 


Fig.  160. 


Pigeon,  after  Removal  of  the  Cerebral  Hemispheres. 


by  pinching  the  foot,  the  sudden  approach  of  a hand  toward  the  eye 
caused  a winking  movement  with  partial  turning  of  the  head.  Some- 
times such  a pigeon  will  fix  his  eye  on  a particular  object,  and  watch  it 
for  several  seconds  together.  Longet  found  that  by  moving  a lighted 
candle  before  the  animal’s  eyes  in  a dark  place,  the  head  of  the  bird  would 
often  follow  the  movements  of  the  candle,  showing  that  the  impression 
of  light  was  perceived. 

The  animal  is  still  capable,  therefore,  after  removal  of  the  hemispheres, 
of  receiving  sensations  from  external  objects.  But  these  sensations 
make  upon  him  no  lasting  impression.  He  is  incapable  of  connecting 
with  his  perceptions  any  distinct  succession  of  ideas.  If  he  hears  the 
report  of  a pistol,  he  is  not  alarmed  by  it ; for  the  sound,  though  dis- 
tinctly enough  perceived,  does  not  suggest  any  idea  of  danger  or  injury. 
There  is  accordingly  no  power  of  perceiving  the  relation  between  ex- 
ternal objects.  The  memory,  particularly,  is  destroyed,  and  the  recol- 
lection of  sensations  is  not  retained  from  one  moment  to  another.  The 
muscles  are  still  under  the  control  of  the  will ; but  the  will  itself  is 
inactive,  because  it  lacks  its  usual  stimulus  and  direction.  The  powers 
which  have  been  lost,  therefore,  are  those  of  a mental  character;  that  is, 
the  power  of  comparing  different  sensations  or  ideas,  of  perceiving  the 
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proper  relation  between  them,  and  of  originating  in  consequence  an  in- 
telligent volitional  act. 

The  cerebral  hemispheres  as  a whole  are  therefore  evidently  the 
centres  in  which  the  nervous  mechanism  of  mental  action  is  accom- 
plished. The  mental  endowments  which  are  concerned  in  the  manifesta- 
tions of  the  intelligence  are  mainly  the  memory,  the  reason  and  the 


judgment. 

Memory  is  the  simplest  and  most  essential  of  these  faculties  for  the 
due  performance  of  intelligent  acts.  The  recollection  of  names,  and  of 
the  objects  to  which  they  belong,  is  indispensable  even  to  the  use  of 
articulate  language;  and  a deficiency  of  memory  seems  often  to  be  the 
immediate  condition  upon  which  the  incapacity  of  idiotic  children  to 
talk  depends.  It  is  also  constantly  essential  in  the  ordinary  occupations 
of  life,  in  enabling  us  to  retain  past  impressions  as  a guide  for  imme- 
diate or  future  acts. 

The  reason  may  be  considered  as  the  faculty  by  which  we  appreciate 
the  character  of  the  nervous  impressions  received,  and  are  enabled  to 
refer  them  to  their  external  source.  This  is  quite  different  from  the 
simple  power  of  perception,  which  continues,  as  experiment  has  demon- 
strated, after  - the  removal  of  the  cerebral  hemispheres.  The  mental 
action  which  is  excited  by  an  impression  coming  from  without  is  one 
which  transfers  the  attention  from  the  internal  sensation  to  its  external 
source  ; and  when  this  action  is  prompt  and  effectual,  we  at  once  acquire 
an  idea  of  whence  the  impression  originated  and  what  is  its  significance. 


The  perfection  of  this  quality  consists  in  the  certainty  with  which  it 
appreciates  the  relation  between  an  effect  and  its  cause,  and  the  relative 
importance  of  different  phenomena.  This  capacity  is  deficient  or  absent 
in  idiots,  and  consequently  they  cannot  avoid  dangers  or  provide  for 
their  necessities.  For  the  same  reason  it  is  useless  to  punish  an  idiot, 
because,  although  he  may  feel  the  pain  inflicted,  he  does  not  refer  it  as 
a consequence  to  any  previous  action  of  his  own.  A deficiency  of  the 
same  quality  in  the  insane,  or  in  those  in  whom  it  is  naturally  imper- 
fect, produces  a want  of  power  to  comprehend  the  importance  and  connec- 
tion of  different  events.  They  are  said  to  be  “ unreasonable,”  because 
they  expect  results  which  are  unlikely  to  follow  from  certain  causes, 
and  because  they  assume  the  existence  of  causes  which  are  not  really 
indicated  by  the  results. 

The  judgment  is  the  faculty  by  which  the  appropriate  means  are 
selected  for  the  accomplishment  of  a particular  end.  Its  exercise  re- 
quires the  existence  of  reason  and  memory,  which  supply  the  necessary 
conditions  upon  which  it  is  based ; but  its  own  action  is  one  which 
looks  to  the  future  rather  than  to  the  past.  An  individual  m whom  the 
iudgment  is  well  developed  employs,  under  the  guidance  of  experience, 
means  which  are  well  adapted  to  attain  the  end  he  has  in  view ; one 
who  is  deficient  in  this  respect  resorts  to  means  which  are  insufficient 
or  inappropriate,  and  is  consequently  unsuccessful.  Whether  the  act 
performed  in  this  manner  be  a simple  mechanical  operation,  like  that  of 
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shutting  a door  to  exclude  the  cold,  or  a complicated  plan  involving 
many  parts,  the  mental  process  is  the  same  in  kind,  and  differs  only  in 
degree  ; its  essential  character  being  that  it  is  an  intelligent  act,  based 
upon  an  understanding  of  the  previous  conditions,  and  intended  to 
accomplish  a definite  result. 

It  is  evident  that  all  such  manifestations  of  intelligence,  taking  place 
through  the  cerebrum,  are  reflex  actions.  Their  starting  point  is  a sen- 
sation coming  from  without,  which  gives  rise  in  the  mind  to  a succession 
of  internal  operations,  terminating  in  an  intelligent  volitional  impulse. 
This  is  reflected  from  within  outward,  and  thus  finally  calls  into  action 
the  nerves  of  voluntary  motion.  There  can  be  little  doubt  that  the 
intermediate  process,  between  the  sensation  and  the  volitional  impulse, 
takes  place  in  the  gray  substance  of  the  cerebral  convolutions. 

Special  Seat  of  the  Faculty  of  Articulate  and  Written  Language. — 
Most  of  the  lower  animals  have  the  power  of  communicating  with  each 
other  by  certain  movements  and  vocal  sounds  in  such  a way  as  to 
attract  their  attention,  and  enable  them  to  act  in  concert.  The  lan- 
guage thus  employed  is  always  a language  of  expression,  and  consists 
in  such  modifications  of  the  tone  of  voice  or  the  position  of  the  limbs  as 
indicate  pleasure  or  dislike,  excitement  or  alarm,  or  a friendly  or  hostile 
disposition.  In  man  the  same  methods  are  largely  used  to  express 
similar  feelings,  and  to  represent  others,  such  as  surprise,  contempt, 
amusement,  or  doubt,  which  do  not  seem  to  exist  in  animals  to  an  ap- 
preciable degree. 

But  man  has  also  the  faculty  of  conveying  definite  information  by 
means  of  articulate  speech,  in  which  arbitrary  sounds  are  used  to  indi- 
cate special  objects,  qualities,  or  acts,  as  well  as  all  the  relations  which 
may  exist  between  them.  The  power  of  using  articulate  language,  as  a 
vehicle  for  the  expression  of  the  thoughts,  is  generally  in  proportion  to 
the  development  of  the  intelligence  as  a whole.  In  order  that  it  may 
be  exercised,  two  faculties  must  come  into  actifln;  namely,  first,  the 
memory,  by  which  the  particular  words  required  are  brought  to  the 
mind  ; and,  secondly,  the  voluntary  combination  of  motor  impulses 
necessary  for  their  articulation.  These  acts  are  performed,  in  health, 
with  such  rapidity  that  we  are  not  conscious  of  them ; and  the  exercise 
of  speech  seems  to  be  a direct  consequence  of  the  ideas  which  are  to  be 
expressed.  But  pathological  cases  show  that  either  one  or  both  of 
these  faculties  may  be  absent,  while  the  ideas  and  the  desire  to  express 
them  are  as  distinct  as  ever. 

The  affection,  in  these  cases  of  loss  of  the  power  of  language,  is  termed 
aphasia.  It  does  not  depend  upon  a want  or  confusion  of  ideas,  be- 
cause the  patient  is  often  perfectly  clear  as  to  what  he  wishes  to  say, 
although  he  cannot  say  it.  It  i's  not  due  to  paralysis  of  the  organs  of 
articulation,  since  the  tongue,  lips,  and  palate  can  be  moved  in  every 
direction  with  the  usual  facility.  It  is  a deficiency  or  suspension  of  the 
power,  either  to  recall  the  word  needed,  or  to  set  in  motion  the  nervous 
actions  required  to  pronounce  it.  In  the  former  instance  it  is  called 
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“amnesic  aphasia.”  The  patient  cannot  say  what  he  wishes,  because 
lie  cannot  recollect  the  word  he  wants.  For  the  same  reason  he  is  also 
incapable  of  writing  it.  But  if  the  word  which  he  requires  be  spoken 
to  him,  he  can  repeat  it  immediately,  though  in  a few  seconds  it  has 
again  escaped  him.  This  disease  is  an  aggravated  form  of  that  condi- 
tion to  which  many  otherwise  healthy  persons  are  occasionally  liable; 
namely,  that  of  forgetting  for  a time  a particular  word  at  the  moment 
they  wish  to  use  it.  In  some  cases  of  aphasia  the  loss  of  power  is  so 
complete  that  the  patient  can  utter  only  two  or  three  words,  which  he 
employs  indiscriminately  whenever  he  speaks  at  all. 

In  the  second  variety  of  the  affection,  the  patient  knows  the  word  he 
wants,  but  cannot  succeed  in  articulating  it.  He  can,  therefore,  express 
himself  by  writing  perfectly  well,  but  cannot  read  aloud  even  what  he 
has  written  himself.  This  is  called  “ataxic  aphasia,”  because  it  de- 
pends not  upon  an  imperfection  of  memory,  but  upon  a want  of  power 
to  effect  the  necessary  nervous  combinations. 

There  is  no  question  that  the  power  of  language  resides  somewhere 
in  the  cerebral  hemispheres,  and  many  observations  have  tended  to 
locate  it  more  especially  in  the  convolutions  surrounding  the  lower  end 
of  the  fissure  of  Sylvius , and  in  those  of  the  Island  of  Beil.  Broca 
fixes  it  more  especially  in  the  third  frontal  convolution,  surrounding  the 
anterior,  ascending  branch  of  the  fissure  of  Sylvius,  while  others  have 
referred  it  to  the  frontal  lobe  in  general.  The  evidence  for  this  locali- 
zation of  the  faculty  of  language  consists  in  the  number  of  instances  in 
which  aphasia  more  or  less  complete  has  been  found,  on  post-mortem 
examination,  to  be  accompanied  by  lesions  of  the  brain  substance  con- 
fined to  the  points  indicated.  It  is  often  accompanied  by  hemiplegia 
of  the  opposite  side  of  the  body,  but  may  sometimes  exist  independently 
of  any  paralytic  affection. 

According  to  Broca,  it  is,  as  a rule,  the  third  cerebral  convolution  of 
the  left  hemisphere  alone  which  is  concerned  as  a nervous  centre  in  the 
production  of  articulate  language.  This  conclusion  is  derived  from  the 
fact,  which  is  generally  conceded  by  pathologists,  that  in  the  large 
majority  of  cases  in  which  aphasia  is  accompanied  by  hemiplegia,  the 
hemiplegia  is  on  the  right  side  of  the  body,  the  lesion  accordingly  occu- 
pying the  left  side  of  the  brain.  But  as  aphasia  is  generally  due  to 
occlusion  of  the  middle  cerebral  artery  by  an  embolism,  and  as  embolism 
is  more  likely  to  occur  on  the  left  side  than  on  the  right,  owing  to  the 
different  angle  at  which  the  vascular  branches  are  given  off,  this  fact  may 
not  indicate  the  exclusive,  or  even  preponderating  influence  of  the  left 
side  of  the  brain  in  the  function  of  articulate  language.  Notwithstand- 
ing some  remarkable  cases  which  would  tend  to  show  a special  location 
of  this  function  upon  the  left  side,  such  as  that  of  chronic  left  hemiplegia 
without  aphasia,  followed  in  the  same  individual  by  a sudden  attack  of 
right  hemiplegia  with  aphasia,1  yet  instances  of  an  opposite  kind  are 
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also  so  numerous  that  the  physiological  question  cannot  be  regarded  as 
settled.  AVe  are  only  certain  that  aphasia  is  most  frequently  produced 
bv  lesions  occupying  the  left  hemisphere,  in  the  convolutions  about 
the  bottom  and  edges  of  the  fissure  of  Sylvius ; that  is,  in  the  parts 
nourished  by  branches  of  the  middle  cerebral  artery. 

Special  Centres  of  Motion  in  the  Cerebral  Hemispheres.— As  a rule, 
both  the  white  and  gray  substance  of  the  hemispheres  are  found  to  be 
both  insensible  and  inexcitable  under  the  application  of  ordinary  artifi- 
cial stimulus ; neither  sensation  nor  motion  being  produced  in  the  living 
animal  by  mechanical  irritation  or  injury  of  these  parts.  In  man,  also, 
it  has  been  repeatedly  observed  that  the  substance  of  the  brain,  when 
exposed  by  accident  or  disease,  gives  no  indication  of  sensibility  or  of 
motor  endowments,  if  subjected  to  external  irritation. 

More  careful  and  extended  observations,  however,  upon  the  lower 
animals,  have  shown  that  under  the  influence  of  galvanic  stimulus  of  a 
low  degree  of  intensity  certain  points  on  the  surface  of  the  cerebral  con- 
volutions will  give  rise  to  definite  movements  in  the  muscles  of  the  head, 
body,  and  limbs.  The  fact  was  first  discovered  by  Fritseh  and  Hitzig 
in  1870, 1 and  has  been  subsequently  fully  confirmed  by  other  observers. 
The  experiments  were  performed  first  and  most  frequently  on  dogs ; 
afterward  on  cats,  guinea  pigs,  rabbits,  and  monkeys  ; the  animals  being 
sometimes  stupefied  by  ether,  chloroform,  or  morphine,  sometimes  not 
subjected  to  any  anaesthetic  influence. 

The  general  results  derived  from  these  experiments,  as  given  by 
Hitzig,  are  as  follows : 

I.  One  portion  of  the  convexity  of  the  cerebrum,  in  the  dog,  is  motor ; 
another  portion  is  not  motor. 

II.  The  motor  portion  lies,  in  general  terms,  more  anteriorly;  the 
non-motor  portion  more  posteriorly. 

III.  Electrical  stimulation  of  the  motor  portion  produces  co-ordinated 
muscular  contraction  on  the  opposite  side  of  the  body. 

IY.  With  very  weak  electric  currents,  the  contractions  produced  are 
distinctly  limited  to  particular  groups  of  muscles;  with  stronger  cur- 
rents, the  stimulus  is  communicated  to  other  muscles  of  the  same  or 
neighboring  parts. 

Y . The  portions  of  the  brain  intervening  between  these  motor  centres 
are  inexcitable  by  similar  means. 

These  conclusions  have  been  verified  by  a variety  of  observations  in 
Germany,  France,  England,  and  the  United  States.2  The  experiments, 
which  are  most  readily  performed  on  dogs,  owing  to  the  large  size  of 
the  cerebrum,  and  the  comparatively  little  injury  suffered  from  liemor- 


1 Archiv  fur  Anatornie,  Physiologic  und  Wissenschaftliehe  Mcdicin.  Leipzig, 
1870,  p.  300.  Hitzig,  Untersuchungen  iiber  das  Gehirn.  Berlin,  1874. 

2 Report  of  a Committee  of  the  New  York  Society  of  Neurology  and  Electro- 
logy  on  the  Existence  and  Localization  of  Motor  Centres  in  the  Cerebral  Con- 
volutions. New  York  Medical  Journal,  March,  1875,  p.  225. 
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rhage,  yield  results  which  are  sufficiently  uniform  to  show  that  they 
depend  upon  important  physiological  conditions.  In  those  performed 
by  the  committee  of  the  New  York  Society  of  Neurology  and  Electro- 
logy,  the  animals  were  etherized  and  kept  more  or  less  completely  under 
the  influence  of  the  anaesthetic  during  the  whole  course  of  the  experi-, 
rnents.  The  stimulus  employed  was  a galvanic  current  from  a battery 
of  from  8 to  16  cells,  of 'an  intensity  just  sufficient  to  be  distinctly  per- 
ceptible, but  not  painful,  when  applied  to  the  surface  of  the  tongue. 
The  electrodes  were  rounded  platinum  points,  fixed  at  a distance  of  one 
millimetre  apart.  They  were  applied  to  the  surface  of  the  cerebrum  in 
such  a manner  as  not  to  wound  but  only  to  touch  it,  and  were  held  in 
contact  with  the  brain  for  about  one  second  only  at  each  application. 
The  applications  were  repeated  at  short  intervals  at  the  same  spot  for 
from  ten  to  forty  times  in  succession,  in  order  to  make  sure  that  the 
reactions  obtained  were  not  accidental.  The  results  show  plainly  that 
there  are  certain  limited  spots,  on  the  surface  of  the  cerebral  convolu- 
tions, at  which  the  application  of  a faint  galvanic  current  will  cause  dis- 
tinct momentary  contraction  of  separate  muscles,  or  groups  of  muscles, 
on  the  opposite  side  of  the  body.  These  spots  correspond  in  all  essential 
particulars  with  those  discovered  by  Hitzig,  and  are  nearly,  though  not 
quite,  uniform  in  location  on  the  two  opposite  sides,  anti  in  different 
animals. 

All  the  centres  of  motion  for  the  anterior  and  posterior  limbs  are 
situated,  in  the  dog,  in  the  convolution  immediately  surrounding  the 
frontal  fissure  (Figs.  161,  162,  F),  a nearly  transverse  furrow  running 
outward  and  forward  from  the  median  line,  which  may  be  considered 
as  corresponding  to  the  fissure  of  Rolando  in  the  human  biaiu,  but 
placed  farther  forward  in  the  dog,  owing  to  the  inferior  development  of 
the  frontal  lobe.  In  a majority  of  cases,  the  motor  centres  for  the 
anterior  limbs  (3,  4)  are  situated  more  in  front,  near  the  outer  extremity 
of  this  fissure ; those  for  the  posterior  limbs  (5,  6)  farther  backward  and 
inward.  At  certain  points,  movements  of  flexion  are  produced,  at 
others,  movements  of  extension  ; sometimes  flexion  of  a single  paw  alone 
takes  place,  sometimes  flexion  or  extension,  more  or  less  complete,  of  a 
whole  limb  ; and  sometimes,  at  certain  spots,  there  is  flexion  or  extension 
of  the  fore  and  hind  limbs  together,  or  partial  flexion  of  one,  accompanied 
by  extension  of  the  other.  But  in  the  majority  of  cases,  the  movements 
produced  are  isolated  movements  of  flexion  or  extension  of  a single  limb. 

The  centre  for  flexion  of  the  head  on  the  neck,  in  the  median  line  (1) 
is  in  the  lateral  and  anterior  part  of  the  convolution  situated  in  advance 
of  the  frontal  fissure,  where  this  convolution  bends  downward  and  out- 
ward ; that  for  flexion  of  the  head  on  the  neck,  with  rotation  toward  the 
side  of  the  stimulus,  is  in  a part  of  the  same  convolution  (2),  situated 
still  farther  forward  and  downward,  so  as  to  be  invisible  in  a view  ol 
the  brain  taken  from  above. 

The  centre  of  motion  for  the  orbicularis  oculi,  and,  according  o 
Hitzig,  for  the  facial  muscles  generally,  is  in  a region  situated  upon  the 
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lateral  part  of  the  hemisphere  ( ?,  8,  9),  immediately  about  the  supra- 
Sylvian  fissure. 

The  action  of  the  cerebral  convolutions  in  producing  muscular  con- 
traction, when  this  contraction  is  definite  and  limited,  is  always  a 


Fig.  161. 


Brain  or  the  Dog  . — Fig.  161,  view  from  above ; Fig.  162,  profile  view ; Bhowing  the  cen- 
tres of  motion  in  the  cerebral  convolutions.  F.  Frontal  fissure.  S.  Fissure  of  Sylvius.  The 
unshaded  part  is  that  exposed  by  the  opening  in  the  skull.  F.  Frontal  fissure.  S.  Fissure 
of  Sylvius.  1.  Flexion  of  head  on  the  neck,  in  the  median  line.  2.  Flexion  of  head  on  the 
neck,  with  rotation  toward  the  side  of  the  stimulus.  3, 4.  Flexion  and  extension  of  nnterior 
limb.  6,  6.  Flexion  and  extension  of  posterior  Umb.  7,  8, 9.  Contraction  of  orbicularis  oouli, 
and  the  facial  muscles  in  general. 


crossed  action  ; galvanization  of  the  convolutions,  on  either  side  of  the 
brain,  exciting  movement  in  the  muscles,  botli  of  the  limbs  and  face, 
on  the  opposite  side  of  the  body.  On  the  other  hand,  galvanization  of 
32 
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the  dura  mater  or  other  sensitive  parts,  produces,  by  reflex  action, 
muscular  twitching  on  the  same  side  of  the  body. 

The  existence  of  these  excitable  points  in  the  cerebral  convolutions 
does  not  show  that  they  are  nervous  centres  for  the  immediate  pro- 
duction of  voluntary  movement.  On  the  contrary,  we  know  that  the 
parts  of  the  brain  containing  them,  and,  in  some  animals,  even  the  whole 
hemispheres,  may  be  removed  and  yet  the  power  of  movement  in  the 
limbs  may  be  preserved.  But  they  are  evidently  points  from  which  an 
influence  may  extend  inward  toward  the  central  parts  of  the  brain,  excit- 
ing there  the  immediate  cause  of  motor  action  ; and  this  influence  is 
transmitted  through  the  cerebral  substance  by  definite  paths,  as  much 
so  as  that  passing  in  the  ramifications  and  fibres  of  the  peripheral  motor 
nerves. 

The  only  doubt  which  has  been  entertained  in  regard  to  the  signifi- 
cance of  these  experiments  is  that  which  attributes  the  muscular  con- 
traction, not  to  the  galvanization  of  the  convolutions  themselves,  but  to 
a diffusion  of  the  electric  current  from  without  inward,  and  a consequent 
extension  of  the  galvanic  stimulus  to  the  deeper  parts  of  the  brain,  espe- 
cially the  corpus  striatum  and  ascending  fibres  of  the  crus  cerebri.  But 
the  conditions  of  the  experiment  show  that  this  is  not  the  case.  When 
the  distance  between  the  two  electrodes,  and  consequently  the  length  of 
the  current  traversing  the  surface  of  a convolution,  is  only  one  milli- 
metre, their  application  to  a particular  spot  may  produce,  many  times 
in  succession,  a definite  muscular  contraction ; and  yet  their  application 
to  other  spots  not  more  than  five  millimetres  distant  from  the  first,  and 
equally  near  the  base  of  the  brain,  may  be  entirely  without  effect. 

Furthermore,  direct  proof  of  the  part  taken  by  the  convolutions  in 
the  production  of  these  phenomena  is  supplied  by  the  experiments  of 
Braun1  and  Putnam.'2  In  these  experiments  points  were  found  upon 
the  cerebral  convolutions  which  produced,  under  the  application  of  elec- 
tric stimulus,  the  usual  definite  muscular  contractions.  A horizontal 
section  was  then  made  at  a depth  of  one  or  two  millimetres  heneath  the 
surface,  leaving  the  flap  in  place  but  cutting  off  the  anatomical  con- 
tinuity of  brain  tissue.  The  irritation,  being  then  reapplied  to  the 
original  spot,  failed  to  excite  any  muscular  contraction;  but  if  the  flap 
were  turned  up  and  the  electrodes  applied  to  the  cut  surface  beneath, 
a current  of  similar  or  slightly  increased  strength  again  produced  the 
same  movements  as  before.  Repeated  trials  of  this  kind,  the  flap  being 
alternately  removed  and  readjusted,  yielded  the  same  results.  It  is 
evident,  therefore,  that  when  the  electrodes,  applied  to  the  surface  of  the 
uninjured  brain,  cause  movements  on  the  opposite  side  of  the  body,  this 
effect  is  not  due  to  a diffusion  of  the  electric  current  itself  toward  the 
base  of  the  brain,  but  to  a nervous  stimulus  originating  in  the  convolu- 
tions, and  thence  transmitted  inward  by  the  fibres  of  the  white  substance. 

1 Centralblatt  fiir  die  Medicinischen  Wissenschaften.  Berlin,  June  13,  18  A. 
p.  455. 

2 Boston  Medical  and  Surgical  Journal,  July  16,  18(4. 
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The  Cerebral  Ganglia. 

The  corpora  striata  and  optic  thalami,  from  the  position  which  they 
occupy  at  the  central  part  and  base  of  the  cerebrum,  in  the  course  of 
the  ascending  fibres  of  the  crura  cerebri,  must  be  regarded  as  nervous 
centres  interposed  between  the  medulla  oblongata  below  and  the  hemi- 
spheres above.  According  to  Henle,  the  bundles  of  white  substance 
from  the  posterior  portion  of  the  crus  cerebri,  on  passing  into  the  optic 
thalamus,  spread  out  in  pencil-like  tufts  of  diverging  fibres,  which  become 
generally  distributed  throughout  the  gray  substance  of  the  ganglion, 
and  are  even  mingled  in  its  interior  with  transverse  or  interlacing  fila- 
ments. It  is  conceded  by  both  Kolliker  and  Henle  that  some,  or  even  a 
considerable  proportion,  of  these  fibres  terminate  in  the  gray  substance  ; 
while  a portion,  or  perhaps  other  fibres  originating  in  the  gray  substance, 
pass  outward  again,  from  the  anterior  and  lateral  parts  of  the  thalamus, 
to  continue  their  course  upward  to  the  cerebral  convolutions. 

In  the  corpus  striatum,  the  relation  of  the  fibres  to  the  gray  substance 
is,  in  general,  the  same  as  in  the  thalamus  ; that  is,  they  are  derived 
from  the  ascending  bundles  of  the  crus  cerebri  and  terminate  in  the 
gray  substance  of  the  ganglion.  The  difference  between  the  two  bodies 
is  that  in  the  thalamus  the  mixture  of  the  fibres  with  the  gray  substance 
is  more  intimate  and  uniform  throughout,  while  in  the  corpus  striatum 
the  fibres  are  arranged  in  distinct  bundles,  readily  visible  to  the  naked 
eye,  which  only  disappear,  by  the  dispersion  and  termination  of  their 
filaments,  at  the  distance  of  about  one  millimetre  from  its  outer  edge ; 
so  that  the  ganglion  is  bordered  externally  at  this  situation  by  a 
thin  layer  of  gray  substance  in  which  no  white  striations  are  to  be 
seen.  In  the  corpus  striatum,  as  in  the  optic  thalamus,  there  are  also 
bundles  of  fibres,  according  to  the  observations  of  Kolliker,  which  at 
certain  levels  pass  from  the  gray  matter  of  the  ganglion  into  the  white 
substance  of  the  hemispheres.  Both  the  corpus  striatum  and  optic 
thalamus  contain  nerve  cells  with  ramified  prolongations,  some  of  which 
closely  resemble  the  finest  nerve  fibres  with  which  they  are  mingled, 
and  with  w7hich  many  anatomists  believe  them  to  be  continuous. 

The  exact  physiological  function  of  the  cerebral  ganglia,  as  distin- 
guished from  the  hemispheres  proper,  is  not  precisely  determined.  It 
is  plain  that  they  exert  some  influence,  of  an  intermediate  character, 
between  the  action  of  the  cerebral  hemispheres  above  and  the  direct 
transmission  of  motor  and  sensitive  stimulus  to  or  from  the  parts 
below.  They  have  both  been  found  to  be,  like  the  hemispheres,  insen- 
sible to  ordinary  mechanical  irritation,  unless  this  be  applied  so  deeply 
as  to  reach  the  fibrous  bundles  of  the  crura  cerebri  in  their  inner  and 
deeper  parts.  They  cannot  be  extirpated  or  extensively  injured  with- 
out at  the  same  time  cutting  oft'  more  or  less  completely  the  connection 
of  the  hemispheres  with  the  peripheral  nervous  system;  but  they  may 
be  removed  at  the  same  time  with  the  hemispheres,  in  some  of  the  lower 
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animals,  and  yet  the  power  of  motion  and  of  sensibility  may  be  retained 
to  a considerable  extent. 

It  is  certain,  however,  from  the  known  facts  of  pathology,  that  their 
influence  is  an  important  one,  since,  in  man,  lesions  of  these  ganglia  are 
almost  always  followed  by  more  or  less  complete  hemiplegia  on  the 
opposite  side  of  the  body.  In  general  terms,  the  effect  of  cerebral 
hemorrhage,  whether  from  injury  or  disease,  may  be  said  to  vary  accord- 
ing to  its  location;  hemorrhage  upon  the  surface  of  the  hemispheres 
producing  coma,  that  in  the  cerebral  ganglia  causing  hemiplegia.  The 
usual  significance  attached  to  the  term  “ hemiplegia”  is  that  of  loss  of 
voluntary  motion  on  one  side,  while  a corresponding  loss  of  sensibility 
is  designated  as  hemiansesthesia.  In  cases  of  lesion  of  the  cerebral 
ganglia  or  adjacent  parts,  the  loss  of  motion  is  usually  the  most  promi- 
nent symptom,  hemiansesthesia  being  either  entirely  absent  or  disap- 
pearing rapidly,  while  the  motor  paralysis  lasts  a longer  time.  On  the 
other  hand,  hemiansesthesia  may  continue  after  the  power  of  motion  is 
recovered,  and  it  may  also  be  produced  in  animals  by  lesions  of  the 
brain  without  being  accompanied  by  any  muscular  paralysis. 

Attempts  have  been  repeatedly  made  by  various  authors  to  locate 
more  distinctly  the  physiological  acts  of  sensation  or  motion  in  one  or 
the  other  of  the  cerebral  ganglia  separately ; but  thus  far  these  attempts 
have  not  been  so  successful  as  to  command  general  assent.  The  most 
exact  experiments  in  regard  to  sensibility  are  those  of  Veyssiere,1  who 
operated  by  introducing  into  the  brain  of  the  dog  a slender  trocar 
armed  with  a spring,  which  could  be  expanded  at  the  bottom  of  the 
wound  and  thus  produce,  by  rotation  of  the  instrument,  a lesion  of 
the  deeper  parts  of  the  brain  without  serious  injury  of  the  moie  super- 
ficial portions.  After  study  of  the  symptoms  caused  by  the  operation, 
the  animal  was  killed,  and  the  exact  location  of  the  injury  ascertained. 
The  observer  found  by  this  means  that  hemiansesthesia,  either  alone  or 
accompanied  by  more  or  less  paralysis  of  motion,  was  produced  by 
lesions  of  the  cerebral  ganglia  and  the  white  substance  included  be- 
tween them  ; but  that  it  was  the  white  substance  of  the  internal  capsule 
which  was  most  constantly  affected  in  these  cases.  The  gray  substance 
of  the  cerebral  convolutions,  as  well  as  that  of  the  cerebral  ganglia, 
might  be  extensively  injured  without  causing  loss  of  sensibility;  but 
this  effect  was  produced  in  proportion  to  the  extension  of  the  injury 
to  the  internal  capsule  and  the  commencement  of  the  expansion  of 
radiating'  fibres  derived  from  it. 

The  above  experiments  and  observations  do  not  show  that  the  physio- 
logical functions,  either  of  sensibility  or  voluntary  motion,  are  seated 
in  the  cerebral  ganglia  or  the  internal  capsule.  The  paralysis  of  motion 
and  sensation  resulting  from  injury  to  these  parts  is  due  evidently,  in 
great  measure,  to  the  shock  communicated,  through  descending  fibres, 
to  other  parts  of  the  brain  below  ; since,  as  in  several  of  T eyssiere’s 

i Recherches  sur  l’[Ieraiansesth6sie  de  cause  cdrdbrale.  Paris,  1874. 
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experiments,  a hemiplegia  or  hemianaesthesia,  following  laceration  of 
the  brain  substance,  may  disappear  within  a few  days,  or  even  in  twenty- 
four  hours,  though  the  mechanical  injury  be  not  yet  repaired.  While 
therefore  we  cannot  say  that  either  of  the  cerebral  ganglia  are  the  phys- 
iological organs  of  sensation  or  motion,  yet  their  injury,  both  in  animals 
and  in  man,  generally  produces,  as  its  immediate  result,  hemiplegia  or 
hemianaesthesia,  either  singly  or  combined,  on  the  opposite  side  of  the 
body. 


The  Cerebellum. 

The  cerebellum,  although  in  man  and  the  quadrupeds  much  inferior  in 
snse  to  the  cerebrum,  consists,  like  it,  of  a folded  layer  of  gray  matter 
surrounding  the  mass  of  white  substance  which  forms  its  internal  por- 
tion. The  cortical  layer  of  gray  substance  is  only  about  one-half  as 
thick  as  that  of  the  cerebral  hemispheres;  being  nowhere  over  1.5  milli- 
metre in  thickness.  But  the  convolutions  of  the  cerebellum  are  more 
compactly  arranged  than  those  of  the  cerebrum,  and  penetrate  into  its 
substance  in  the  form  of  thin,  closely  adjacent  laminae ; so  that  it  con- 
tains a comparatively  large  quantity  of  gray  matter  in  proportion  to  its 
mass.  In  the  white  substance  of  the  cerebellum  on  each  side,  not  far 
fiom  the  median  line,  there  is  an  isolated  deposit  of  gray  matter  in  the 


Fig.  Ifi3. 


Vertical  Transverse  Section  op  the  Human  Cerebellum  and  Ik. 
dulla  Oblongata,  a little  behind  the  pons  Varolii;  posterior  portion. — 1.  Medulla 
oblongata,  showing  the  nucleus  of  the  olivary  bodies.  2.  Fourth  ventricle.  3,  3.  White 
substance  of  the  cerebellum.  4,4.  Corpus  dentatum  of  eaeh  side.  (Henle.) 

form  of  a thin  lamina,  folded  in  irregular,  tooth-like  convolutions, 
whence  its  name  ot  corpus  dentatum.  This  lamina  is  everywhere  closed 
on  its  external  lateral  aspect,  but  presents  an  opening  at  one  point 
toward  the  median  line.  It  seems  to  occupy,  in  the  cerebellum,  a place 
analogous  to  that  of  the  cerebral  ganglia  above,  and  to  that  of  the 
olivary  nuclei  in  the  medulla  oblongata. 

I he  gray  matter  of  the  cerebellar  convolutions  is  penetrated  by  fibres 
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coming  from  the  interior  white  substance,  and  contains  nerve  cells  of 
various  form  and  size.  The  most  characteristic  are  flask-shaped  cells, 
arranged  in  a single  or  rarely  in  a double  row ; the  rounded  extremity 
of  each  cell  being  directed  inward,  the  pointed  extremity  outward. 
According  to  Kolliker  and  Henle,  the  cells  usually  give  olf  prolonga- 
tions in  two  opposite  directions  ; that  which  passes  inward  toward  the 
white  substance  being  unbranched  and  resembling  the  axis-cylinder  of 
a nerve  fibre,  while  that  which  passes  outward  toward  the  surface  of 
the  convolution  divides  into  numerous  fine  ramifications. 

The  cerebellum  is  connected  with  the  rest  of  the  cerebro-spinal  axis 
by^,  1st,  the  fibres  of  the  posterior  peduncles,  or  restiform  bodies , which 
come  from  the  posterior  and  lateral  parts  of  the  medulla  oblongata,  to 
radiate  in  the  white  substance  of  the  cerebellum ; and  2d,  by  those  of 
the  anterior  peduncles,  or  processus  e cerebello  ad  corpora  quadrigemina , 
which  originate  from  the  cerebellum  nearer  the  median  line  than  the 
termination  of  the  restiform  bodies,  and  thence  pass  upward  and  forward, 
joining  the  longitudinal  tracts  of  the  posterior  part  of  the  tuber  annulare 
and  crura  cerebri.  The  two  lateral  halves  of  the  cerebellum  are  further- 
more connected  with  each  other  by,  3d,  the  fibres  of  the  middle  peduncles, 
which  originate  from  the  white  substance  on  each  side,  then  pass  forward 
and  downward  to  meet  in  front  upon  the  under  surface  of  the  tuber 
annulare,  forming  the  arched  commissure  of  the  pons  Varolii. 

Physiological  Properties  of  the  C erebellum. — The  general  result  of 
experimental  operations  upon  the  cerebellum  shows  that  the  surface  of 
this  organ  is  inexcitable  by  ordinary  means,  and  that  its  mechanical 
irritation  gives  no  evidence  of  sensibility.  Flourens,  Longet,  Yulpian, 
and  experimenters  in  general,  have  recognized  the  fact  that  neither 
sensation  nor  muscular  contractions  are  produced  by  touching  or 
wounding  the  external  gray  substance  of  the  cerebellum  ; while  in  its 
deeper  portions  both  excitability  and  sensibility  become  manifest,  in 
proportion  as  the  irritation  is  applied  nearer  the  medulla  oblongata  and 
the  commencement  of  the  cerebellar  peduncles.  Furthermore,  its  re- 
moval, either  in  part  or  in  whole,  does  not  destroy  nor  essentially 
diminish  either  the  power  of  sensation  or  that  of  movement.  The 
senses  remain  active,  and  the  mental  faculties  are  still  unchanged,  pro- 
vided the  cerebral  hemispheres  have  not  been  injured.  Operations 
upon  this  part  of  the  brain  are  more  difficult  to  perform  than  those 
upon  the  cerebrum,  and  are  much  more  liable  to  produce  a fatal  result. 
This,  however,  does  not  seem  to  depend  upon  any  direct  influence  of 
the  cerebellum  upon  the  more  vital  functions,  but  is  due  to  its  deeper 
position,  the  difficulty  of  exposing  it  without  causing  too  much  hemor- 
rhage, and  especially  its  proximity  to  the  medulla  oblongata.  If  injury 
from  these  causes  be  avoided,  the  organ  may  be  extensively  wounded 
or  even  totally  removed  without  causing  death.  One-half  or  two-thirds 
of  it  have  often  been  taken  away  without  causing  death  ; and  in  one  of 
the  experiments  of  Flourens,  a fowl  lived  for  more  than  loui  months 
after  its  complete  extirpation. 
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Aside  from  the  particulars  above  mentioned,  experiments  which  con- 
sist in  mutilation  or  removal  of  the  cerebellum  have  yielded  very  uni- 
form results  of  a striking  character,  and  not  similar  to  those  caused  by 
injury  to  other  parts  of  the  brain.  These  effects  were  first  described  by 
Flourens  in  1842;'  and  notwithstanding  the  great  activity  of  research 
upon  the  nervous  system  since  that  time,  the  results  obtained  by  him 
have  been  uniformly  corroborated  in  all  essential  particulars  by  subse- 
quent observers.  The  phenomena,  which  are  of  a similar  nature  in 
different  species  of  animals,  have  been  seen,  by  Flourens  or  others,  in 
the  pigeon,  fowl,  duck,  turkey,  and  other  birds ; and,  among  quadrupeds, 
in  the  dog,  the  cat,  the  mole,  the  rat,  and  the  guinea  pig. 

The  effect  produced  by  destruction  or  removal  of  the  substance  of  the 
cerebellum  consists  in  a peculiar  disorder  of  the  movements  of  the  body 
and  limbs,  from  want  of  harmony  in  their  muscular  action.  The  power 
of  associating  the  contractions  of  different  muscles,  in  such  a way  as  to 
produce  co-ordinated  movements,  is  lost  or  impaired  in  proportion  to 
the  injury  inflicted  upon  the  nervous  centre.  If  in  a living  pigeon  the 
cerebellum  be  exposed,  and  a portion  of  its  substance  removed,  the 
animal  exhibits  at  once  a characteristic  uncertainty  in  the  gait,  and  in 
the  movement  of  the  wings.  If  the  injury  be  more  extensive,  the  bird 
loses  altogether  the  power  of  flight,  and  can  walk,  or  even  stand,  only 
with  difficulty.  This  is  not  owing  to  any  actual  paralysis,  for  the 
movements  of  the  limbs  are  often  quite  rapid  and  energetic ; but  is  due 
to  a deficient  control  over  the  muscular  conti’actions,  similar  to  that 
seen  in  a man  in  a state  of  intoxication.  The  movements  of  the  legs 
and  wings,  though  forcible,  are  confused  and  blundering ; so  that  the 
animal  cannot  direct  his  steps  to  any  particular  spot,  nor  support  him- 
self in  the  air  by  flight.  He  reels  and  tumbles,  but  can  neither  walk 
nor  fly. 

The  senses  and  the  intelligence  are  at  the  same  time  unimpaired,  and 
this  circumstance  causes  a striking  difference  between  the  phenomena 
pi'oduced  by  removal  of  the  cerebrum,  and  those  following  removal  of 
the  cerebellum.  If  these  two  operations  be  done  upon  different  pigeons, 
and  the  two  animals  placed  side  by  side,  the  first  pigeon,  from  which 
the  cerebrum  only  has  been  removed,' remains  standing  firmly  upon  his 
feet,  in  a condition  of  complete  repose ; and  when  compelled  to  stir, 
he  moves  sluggishly  and  unwillingly,  but  otherwise  acts  in  a perfectly 
natural  manner.  The  second  pigeon,  on  the  other  hand,  from  which 
the  cerebellum  only  has  been  taken  away,  is  in  a constant  state  of 
agitation.  He  is  easily  excited,  and  frequently  endeavors,  with  violent 
struggles,  to  escape  from  one  place  to  another ; but  his  movements  are 
sprawling  and  unnatural,  and  no  longer  under  the  effectual  control  of 
the  will.  If  the  entire  cerebellum  be  destroyed,  the  animal  is  incapable 
of  assuming  or  retaining  any  natural  posture.  His  legs  and  wings  are 

1 Recherchcs  Exp6rimentales  sur  les  Propri6t6s  et  les  Fonctions  du  Systfcme 
Nerveux.  Paris,  1842,  pp.  37,  53,  102,  133. 
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agitated  with  ineffectual  movements,  which  are  evidently  voluntary  in 
character,  but  are  at  the  same  time  irregular  and  confused. 

The  direct  inference  which  may  be  derived  from  these  phenomena  is 
that  the  power  of  co-ordination  or  association  of  voluntary  movements 
of  the  body  and  limbs  resides  in  the  cerebellum  as  a nervous  centre,  and 
that  this  power  is  accordingly  lost  or  impaired  by  injury  of  its  sub- 
stance. It  is  evident  that  such  a power  really  exists  under  some  form 
in  the  nervous  system.  No  natural  co-ordinated  movements  are  effected 
by  the  independent  contraction  of  separate  muscles,  but  always  by  a 
number  of  muscles,  or  groups  of  muscles,  acting  in  harmony  with  each 
other.  The  extent  and  variety  of  this  muscular  association  vary  in 
different  classes  of  animals.  They  are  very  considerable  in  birds  and 
quadrupeds  as  compared  with  fish  and  reptiles,  and  reach  in  man  their 
highest  grade  of  development.  Even  in  maintaining  the  ordinal  pos- 
tures of  standing  or  sitting,  many  different  muscles  are  brought  into 
action  together,  in  each  of  which  the  degree  of  contraction  must  be 
accurately  proportioned  to  that  of  the  others.  In  the  motions  of  walk- 
ing and  running,  or  in  the  still  more  delicate  movements  of  the  hands 
and  fingers,  this  harmony  of  action  is  indispensable  to  the  efficiency  of 
the  muscular  apparatus. 

Notwithstanding  the  fact  that  this  power  of  co-ordination  is  invariably 
disturbed  by  injuries  of  the  cerebellum,  it  is  doubted  by  some  writers 
whether  it  can  be  strictly  attributed,  as  a physiological  function,  to  this 
particular  part  of  the  nervous  system.  The  grounds  upon  which  this 
doubt  is  based  are  twofold ; first  the  subsequent  recovery  of  the  power 
of  co-ordination  by  animals  after  injury  or  partial  removal  of  the  cere- 
bellum, and  secondly,  the  results  of  certain  pathological  observations 
in  the  human  subject. 

I.  Restoration  of  the  Co-ordinating  Power  in  Operated  Animals. — 
It  is  certain  that  animals  may  be  affected,  after  partial  extirpation  of 
the  cerebellum,  with  well  marked  loss  of  co-ordinating  power,  and  that 
they  may,  in  some  instances,  subsequently  recover  this  power  without 
regeneration  of  the  lost  nervous  substance.  This  recovery  was  observed 
by  Flourens  in  the  fowl  and  in  the  pigeon,  and  has  been  seen  by  Flint1 
in  the  pigeon  after  removal  of  about  two-thirds  of  the  whole  mass  of  the 
cerebellum.  "We  have  also  met  with  four  instances  of  the  same  kind. 
In  the  first,  about  two-thirds  of  the  cerebellum  was  taken  away  by  an 
opening  in  the  posterior  part  of  the  cranium.  Immediately  afterward, 
the  pigeon  showed  all  the  usual  effects  of  the  operation,  being  incapable 
of  flying,  walking,  or  even  of  standing  still,  but  only  reeled  and  spiawled 
in  a perfectly  helpless  manner.  In  five  or  six  days  from  that  time,  he 
had  regained  a very  considerable  control  over  the  voluntary  movements, 
and  at  the  end  of  sixteen  days  his  power  of  muscular  co-ordination  was 
so  nearly  perfect,  that  its  deficiency,  if  any  existed,  was  imperceptible. 
He  was  then  killed ; and  on  examination,  it  was  found  that  his  cerebel- 

1 The  Physiology  of  Man  ; Nervous  System.  New  York,  1872,  p.  367. 
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lum  remained  in  nearly  the  same  condition  as  immediately  after  the 
operation;  about  two-thirds  of  its  substance  being  deficient,  with  no 
regeneration  of  the  lost  parts.  The  accompanying  figures  show  the 
appearances  in  this  brain  as  compared  with  that  of  a healthy  pigeon. 


Fig.  164. 


Brain  or  Healthy  Pigeon — Pro- 
file view. — 1.  Cerebral  hemisphere.  2.  Optic 
tubercle.  3.  Cerebellum.  4.  Optic  nerve. 
5.  Medulla  oblongata. 

Fig.  166. 


Brain  or  Healthy  Pigeon — Pos- 
terior view. 


Fig.  165. 


Brain  or  Operated  Pigeon— 
Profile  view — showing  the  mutilation  of 
the  cerebellum. 


Fig.  167. 


Brain  or  Operated  Pigeon  — 
Posterior  view— showing  the  mutilation 
of  the  cerebellum. 


In  the  three  remaining  cases  the  quantity  of  nervous  substance 
removed  amounted  to  about  one-half  the  mass  of  the  cerebellum.  The 
loss  of  co-ordinating  power,  immediately  after  the  operation,  though 
less  complete  than  in  the  preceding  instance,  was  perfectly  well  marked ; 
and  in  little  more  than  a fortnight  the  animals  had  nearly  or  quite 
recovered  the  natural  control  of  their  motions,  so  far  as  could  be  seen 
while  they  were  kept  under  observation. 

It  is  evident  that  in  these  cases,  if  the  cerebellum  be  really  the  seat 
of  a physiological  co-ordinating  power,  there  are  two  effects  produced 
by  the  operation,  which  should  be  carefully  distinguished  from  each 
other.  The  first  of  these  effects  is  the  shock  due  to  the  sudden  injury 
of  the  cerebellum  as  a whole.  This  effect  is  temporary,  and  may  be 
recovered  from  in  time,  provided  the  animal  be  sufficiently  strong  to 
survive  the  immediate  mechanical  lesion.  The  remaining  effect  is  that 
due  to  the  loss  of  nervous  substance ; and  this  effect  must  of  course  be 
permanent,  unless  the  nervous  matter  be  regenerated.  In  the  cases 
detailed  above,  the  greatest  amount  of  disturbance  seems  to  have 
depended  upon  the  sudden  injury  to  the  nervous  centre  as  a whole;  and 
the  animals  recovered,  to  a great  extent,  their  power  of  co-ordination, 
notwithstanding  that  from  one-half  to  two-thirds  of  the  substance  of 
the  cerebellum  was  permanently  lost. 
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The  recovery  of  a nervous  function,  after  permanent  loss  of  nervous 
substance,  is  not  peculiar  to  the  cerebellum.  Flourens  has  observed 
the  same  thing  in  regard  to  the  cerebral  hemispheres  in  the  pigeon; 
the  intellectual  and  perceptive  faculties  being  totally  suspended  im- 
mediately after  partial  removal  of  the  hemispheres,  but  again  restored 
after  the  lapse  of  several  days.  But  this  restoration  only  takes  place 
where  the  removal  of  the  nervous  centre  is  partial ; and  in  the  cerebel- 
lum, as  well  as  in  the  cerebrum,  after  complete  extirpation,  the  loss  of 
function  is  a permanent  one.  In  the  experiment  of  Flourens,  where  a 
fowl  lived  for  four  months  after  entire  removal  of  the  cerebellum,  there 

was  no  recovery  of  co-ordinating  power. 

It  is  to  be  remembered  that  birds  and  other  animals,  when  confined  to 
the  limited  space  of  a laboratory,  have  no  opportunity  of  exercising  the 
more  complicated  and  active  movements  natural  to  them  iu  a condition 
of  freedom ; and  accordingly,  they  might  not  show  any  great  deficiency 
of  muscular  co-ordination  while  in  confinement,  though  they  might  still 
be  incapable  of  executing  all  the  movements  of  natural  flight.  The 
simpler  motions  may  continue  to  be  performed  with  only  a part  of  the 
cerebellum  remaining ; but  we  are  not  sure  that,  even  in  these  eases,  a 
portion  of  the  co-ordinating  power,  corresponding  with  the  destruction 
of  nervous  substance,  has  not  been  permanently  lost. 

II.  Pathological  Observations  in  the  Human  Subject.  The  same  re- 
mark will  apply  to  the  pathological  observations  in  man  which  have  been 
sometimes  considered  as  neutralizing  the  result  of  experiments.  These 
are  mainly  cases  in  which  lesions  of  the  cerebellum,  more  or  less  ex- 
tensive, have  existed  without  recorded  disturbances  of  co-ordmation 
similar  to  that  produced  in  animals  by  mechanical  injury  of  the  part. 
In  a large  majority  of  these  instances  the  patients  were  confined  to  a 
sick-room,  and  in  many  of  them  to  the  bed;  consequently  there  could 
be  no  opportunity  of  observing  a want  of  natural  co-ordination  in  the 
more  complicated  movements,  if  any  such  existed.  A patient,  also,  m 
whom  the  loss  or  diminution  of  a motor  nervous  function  comes  on 
gradually,  accommodates  himself  to  it  by  abstaining  from  the  attempt 
to  perform  movements  of  which  lie  is  incapable,  and  confines  himself  to 
those  which  he  is  still  able  to  perform.  Furthermore,  in  many  cases  o 
disease  of  the  cerebellum,  symptoms  of  want  of  co-ordinating  pover 
have  been  distinctly  noticed  and  recorded. 

The  data  derived  from  comparative  anatomy  show  a general  con  - 
spondence  in  the  development  of  the  cerebellum  and  the  variety  and 
complication  of  muscular  action.  In  fish,  as  a rule,  it  is  of  good  size 
compared  with  other  parts  of  the  brain;  and  although  direct  progression 
in  this  class  is  accomplished  by  a comparatively  simple  mechanism, 
namely,  the  lateral  flexion  and  extension  of  the  spinal  column .with  ite 
expanded  fins  and  tail,  yet  their  movements  through  the  water  orm 
leaping  out  of  it,  while  pursuing  and  taking  their  prey,  aie  lemaik.  b 
rapid  and  vigorous,  and  are  promptly  varied  in  any  direction  In  t 
frig,  on  the  fther  hand,  the  movements  of  progression  consist  of 
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else  than  straightforward  flexion  and  extension  of  the  posterior  limbs ; 
and  the  cerebellum  is  exceedingly  small,  much  inferior  in  size  to  that 
of  fishes,  and  forms  only  a thin  narrow  ribbon  of  nervous  matter 
stretched  across  the  upper  part  of  the  fourth  ventricle.  In  the  che- 
lonia,  or  turtles,  the  movements  of  the  body  are  accomplished  by  the 
consentaneous  action  of  the  anterior  and  posterior  limbs,  and  those  of 
the  head  and  neck  are  also  much  more  varied  than  in  the  frog,  while  the 
cerebellum  exhibits  a corresponding  increase  of  development.  In  the 
alligator  and  allied  species,  whose  motions  approximate  more  closely  to 
those  of  the  quadrupeds  than  is  the  case  with  other  reptiles,  the  cere- 
bellum is  also  larger  in  proportion  to  the  remaining  parts  of  the  brain. 
In  birds,  in  quadrupeds,  and  in  man  there  is  a very  evident  increase  in 
the  size  and  convolutions  of  the  cerebellum,  corresponding  with  the 
greater  variety  and  delicacy  of  movements  which  they  are  capable  of 
performing.  These  facts  are  not  decisive  in  determining  the  physio- 
logical function  of  this  portion  of  the  brain,  since  other  nervous  endow- 
ments also  vary  in  their  degree  of  development  in  different  animals  and 
in  man ; but  they  show  that  the  assumption  of  a co-ordinating  power  in 
the  cerebellum  is  not  at  variance  with  the  comparative  anatomy  of  the 
nervous  system. 

Everything  which  we  know  with  certainty,  therefore,  in  regard  to  the 
cerebellum,  indicates  its  close  connection  with  the  power  of  co-ordination 
for  the  movements  of  the  body  and  limbs.  It  cannot  be  regarded  as 
exclusively  presiding  over  this  function  ; since  there  is  strong  evidence 
that  the  posterior  columns  of  the  spinal  cord  are  in  great  measure 
devoted  to  the  same  purpose,  and  their  morbid  alteration  necessarily 
induces,  in  man,  the  disease  known  as  locomotor  ataxia.  But  the  pos- 
terior columns  of  the  cord  form  by  their  divergence,  at  the  level  of  the 
fourth  ventricle,  the  inferior  peduncles  of  the  cerebellum.  The  cerebel- 
lum accordingly  is  a highly  developed  and  convoluted  nervous  centre, 
placed  at  the  upper  extremity  of  the  cord,  and  communicating,  by  tracts 
of  white  substance,  with  its  posterior  columns.  The  spinal  cord  itself 
is,  of  course,  essential  to  the  co-ordinated  motions  of  the  body,  arms, 
and  legs,  since  its  posterior  columns  are  for  them  the  direct  agents  of 
control  and  communication ; but  the  cerebellum  may  also  be  regarded 
as  a focus  or  nervous  centre  of  reflex  action  for  all  the  more  vigorous 
and  complicated  movements  of  the  trunk  and  limbs. 

The  Tuber  Annulare. 

The  tuber  annulare  is  an  isthmus,  which  makes  connection  between 
the  remaining  parts  of  the  encephalon  above,  and,  through  the  medulla 
oblongata,  with  the  spinal  cord  below.  It  may  be  described  in  general 
terms  as  constituted,  1st,  by  longitudinal  tracts  of  white  substance, 
the  prolongation  of  the  anterior  pyramids  of  the  medulla  oblongata, 
which  pass  through  it  in  a nearly  straight  course,  becoming  continuous 
above  with  the  crura  cerebri ; 2d,  by  transverse  bundles  of  white  sub- 
stance coming  from  the  two  sides,  and  encircling  it  with  the  superficial 
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band  of  arched  fibres,  known  as  the  pons  Yarolii,  or  great  commissure  of 
the  cerebellum ; and  3d,  by  a deposit  of  gray  substance  contained  in  its 
anterior,  and  more  or  less  mingled  with  its  other  portions.  The  tuber 
annulare  is,  therefore,  like  the  other  central  masses  of  the  encephalon, 
at  the  same  time  a channel  of  communication  between  the  interior  and 
the  exterior,  and  a nervous  centre  with  special  endowments  of  its  own. 

In  the  most  superficial  portions  of  the  pons  Varolii,  the  transverse 
bundles  of  nerve  fibres  are  closely  packed  together,  without  any  percep- 
tible admixture  of  nerve  cells.  The  deposit  of  gray  substance  commences, 
however,  according  to  Henle,  at  a short  distance  below  the  surface,  occu- 
pying minute  spaces  between  the  transverse  bundles,  and  containing 
stellate  nerve  cells.  Beneath  the  superficial  transverse  bundles  of  the 
pons  come  the  longitudinal  tracts  of  pyramidal  nerve  fibres,  and  be- 
neath these  again  a deeper  layer  of  transverse  commissural  fibres.  The 
deposit  of  gray  matter  in  the  pons  is  still  more  abundant  in  its  deep 
than  in  its  superficial  layer ; often  alternating,  according  to  Henle, 
with  the  transverse  bundles,  in  interspaces  of  \ millimetre  in  thickness. 
It  also  fills  a space  about  2 millimetres  wide,  on  each  side  the  median 
line,  between  the  two  pyramidal  tracts  of  white  substance. 

Physiological  Proper  lies  of  the  Tuber  Annulare.— In  the  tuber 
annulare  the  phenomena  both  of  excitability  and  sensibility,  under 
artificial  irritation,  become  much  more  marked  than  in  the  great  centres 
of  the  cerebrum  and  cerebellum.  According  to  Longet,  a galvanic 
stimulus,  when  the  electrodes  are  passed  into  the  substance  oi  this 
organ,  produces  distinct  convulsive  movements  even  in  recently  killed 
animals,  although  its  external  surface  does  not  appear  to  be  excitable  by 
similar  means  either  in  front  or  behind.  Yery  slight  irritation  of  its 
posterior  surface  has  been  found,  by  both  Longet  and  "V  ulpian,  to  give 
rise  in  the  living  animal  to  indications  of  pain ; but  this  eflect  may  be 
partly  due  to  the  contiguity  of  the  sensitive  nerve-roots  which  traverse 
the  nervous  substance  in  this  situation.  Excitability  and  sensibility 
are  also  manifested  on  irritating  the  crura  cerebri,  between  the  tuber 
annulare  and  the  cerebral  ganglia. 

The  nature  of  the  physiological  actions  taking  place  in  the  tuber 
annulare,  as  a nervous  centre,  can  only  be  studied  by  observing  the 
effects  produced  by  its  injury  or  removal,  in  comparison  with  other 
parts  of  the  encephalic  mass.  It  is  seen  that  the  cerebrum  and  ceie- 
bellum  may  be  taken  away,  either  together  or  separately,  without  de- 
stroying the  evidences  of  sensibility  or  the  power  of  motion.  According 
to  the  'experiments  of  both  Longet  and  Vulpian,  the  cerebral  hemi- 
spheres the  cerebellum,  the  corpora  striata,  the  optic  thalami,  and  the 
tubercula  quadrigemina  may  all  be  removed,  in  dogs  and  rabbits,  and 
vet  the  signs  of  sensibility  and  the  power  of  motion  in  the  limbs  con- 
tinue to  exist ; and,  if  the  cerebellum  remain,  the  normal  attitude  of 
the  body  and  limbs,  and  even  the  power  of  progression,  may  still  be 

maintained.  , 

The  manifestations  of  these  nervous  functions,  however,  are  so  muc 
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diminished  after  extirpation  of  the  cerebral  hemispheres,  that  some 
writers  have  suspected  that  they  might  belong  to  the  category  of  un- 
conscious and  involuntary  reflex  actions.  Longet  and  Yulpian,  on 
the  other  hand,  insist  upon  the  fact,  observed  by  both,  that  after 
removal  of  the  whole  brain,  with  the  exception  of  the  tuber  annulare 
and  medulla  oblongata,  irritation  of  the  external  parts  or  of  a sensitive 
nerve  will  produce,  in  dogs  and  rabbits,  cries  which  are  evidently  the 
expression  of  a conscious  sensation.  This  alone  shows  that  the  animals 
after  such  a mutilation  may  be  still  capable  of  feeling  pain ; and, 
according  to  Yulpian,1  after  extirpation  of  the  hemispheres  and  the 
cerebral  ganglia  in  the  rat,  movements  of  the  head  and  limbs  were  not 
only  produced  by  pinching  the  integument,  but  blowing  suddenly  upon 
one  of  the  ears  caused  shaking  of  the  head,  accompanied  by  winking  of 
the  eyes  ; showing  that  the  animal  was  still  sensitive  to  ordinary  tactile 
impressions,  as  well  as  to  those  of  a painful  character.  The  same 
experimenter  has  found  that  in  a rat,  after  the  above  operation,  a 
hissing  sound  made  by  the  lips  excited  repeatedly  distinct  signs  of 
agitation.  From  these  facts  it  can  hardly  be  doubted  that  sensations 
are  actually  perceived  by  the  animal  so  long  as  the  tuber  annulare 
remains  uninjured. 

There  is  no  evidence,  however,  that  in  these  cases  there  is  anything 
more  than  the  simple  sensation,  without  conscious  recognition  of  its 
origin  or  significance.  So  far  as  we  can  judge,  the  animal  under  these 
circumstances  may  be  capable  of  feeling  pain,  but  not  of  understanding 
the  cause  by  which  it  was  produced.  He  may  be  conscious  of  the 
sensations  of  light  or  of  sound,  as  existing  in  himself,  without  refer- 
ring them  to  any  external  source.  This  is  the  full  extent  of  sensibility, 
as  it  can  be  supposed  to  exist  in  the  tuber  annulare. 

A similar  limitation  must  be  placed  on  the  action  of  the  voluntary 
muscles  so  far  as  it  is  excited  by  the  tuber  annulare.  These  motions 
have  the  appearance  of  volition,  so  far  as  they  consist  in  attempts  to 
maintain  or  recover  the  natural  attitude,  or  in  those  of  progression ; but 
it  is  not  a volition  which  has  any  intelligent  understanding  of  its  pur- 
pose. It  follows  immediately  upon  the  receipt  of  the  sensation  which 
excites  it,  and  is  therefore  a reflex  action;  but  it  differs  from  the  reflex 
action  of  the  spinal  cord  mainly  in  the  fact,  that  it  is  accompanied  or 
preceded  by  a conscious  sensation. 

The  evidence  thus  far  in  our  possession  goes  to  show  that  the  tuber 
annulare  is  especially  connected  with  reflex  actions  of  an  emotional  and 
instinctive  character.  These  actions  differ  from  those  connected  with 
the  mental  faculties  in  being  comparatively  little  under  the  control  of 
the  judgment  or  the  will,  and  in  being  directed  by  an  unreasoning  im- 
pulse, where  the  act  follows  immediately  upon  the  receipt  of  the  sensa- 
tion. To  this  class  belong  the  purely  instinctive  acts  performed  by 
animals  or  man,  in  which  there  is  no  direct  recognition  of  their  ulti- 

1 LeQons  sur  la  Physiologie  du  Systfeme  Nerveux.  Paris,  1866,  p.  543. 
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mate  object,  but  only  of  the  immediate  stimulus  upon  which  they  depend. 
All  the  emotions,  and  the  expressions  to  which  they  give  rise,  are  ner- 
vous phenomena  of  this  kind.  The  feelings  of  cheerfulness  or  depres- 
sion, satisfaction,  hilarity,  or  displeasure,  are  expressed,  whenever  they 
reach  a certain  degree  of  intensity,  by  tears  or  laughter,  by  inarticulate 
sounds,  attitudes  or  movements  of  the  body,  which,  though  not  inten- 
tionally calculated  to  produce  that  effect,  are  at  once  understood  by  all 
who  see  or  hear  them.  In  man,  certain  diseases  of  the  brain  induce  a 
condition  in  which  the  emotional  phenomena  are  much  more  easily 
excited  than  in  health,  either  from  an  undue  activity  of  the  nervous 
centre  in  which  they  are  located,  or  from  the  diminished  influence 
exerted  over  them  by  the  cerebral  hemispheres.  In  these  instances, 
the  individual  is  moved  to  anger,  laughter,  or  tears  on  the  most  trivial 
occasions,  and  from  causes  which  would  not  produce  such  an  effect  in  a 
condition  of  health;  the  feelings  thus  expressed  being  quite  uncontrol- 
lable for  the  time,  although  the  patient  may  be  conscious  that  they  have 
no  reasonable  motive. 

The  action  of  the  tuber  annulare,  as  the  centime  of  the  emotional  im- 
pulses, is  no  doubt  closely  connected  with  its  influence  over  the  attitude 
and  locomotion.  The  manner  in  which  these  two  functions  are  performed, 
even  in  man,  takes  a great  share  in  the  manifestation  of  the  emotions,  and 
in  many  of  the  lower  animals  forms  the  principal  means  by  which  they 
are  expressed.  The  normal  postures  of  the  body  and  limbs  and  the 
movements  of  progression,  although  they  are  still  possible  after  de- 
struction of  the  cerebral  hemispheres  and  ganglia,  are  at  once  abolished, 
according  to  Yulpian,  if  the  tuber  annulare  be  removed  or  extensively 
injured. 

There  is  no  doubt,  also,  that  the  other  nervous  faculties  which  have 
been  enumerated  as  connected  with  the  tuber  annulare  come  to  an  end 
as  soon  as  this  organ  is  subjected  to  mutilation.  With  the  destruction 
of  the  tuber  annulare,  according  to  the  general  testimony  of  experi- 
menters, all  indications  of  sensibility  and  volition  disappear,  and  the 
animal  body  is  reduced  to  the  condition  of  a helpless  and  unconscious 
machine,  in  which  the  functions  of  respiration  and  circulation,  with  cer- 
tain other  involuntary  reflex  phenomena,  are  the  only  remaining  mani- 
festations of  nervous  action. 

The  Medulla  Oblongata. 

The  medulla  oblongata  is  distinguished  from  the  spinal  cord,  of  which 
it  is  a continuation,  not  only  by  its  external  form,  but  also  by  the  dif- 
ferent arrangement  both  of  the  bundles  of  nerve  fibres  and  of  the  gray 
substance  in  its  interior. 

In  the  spinal  cord,  the  anterior,  middle,  and  posterior  columns  ot 
white  substance  all  consist  mainly  of  parallel  fibres  running  in  a longi- 
tudinal direction ; while  there  is  a narrow  band  of  transverse  fibres,  the 
white  commissure,  at  the  bottom  of  the  anterior  median  fissure  In  the 
medulla  oblongata,  a much  larger  number  of  horizontal  and  oblique 
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fibres  make  their  appearance,  passing  from  one  side  to  the  other.  The 
greater  part  of  these  fibres  come  from  the  continuations  of  the  lateral 
and  posterior  columns,  and  from  the  posterior  horns  of  gray  matter, 
whence  they  pass  forward  and  inward,  and  cross  each  other  on  the 
median  line  at  the  place  previously  occupied  by  the  white  commissure. 
The  increasing  number  of  these  interchanging  fibres,  and  the  fact  that 
they7  cross  the  median  line  in  bundles  of  considerable  size,  and  in  an  ob- 
lique direction  from  below  upward,  produce  the  conformation  visible  at 
the  anterior  surface  of  the  medulla  oblongata,  and  known  as  the  decus- 
sation of  the  pyramids.  After  crossing  from  one  side  to  the  other,  the 
fibres  again  gradually  take  a longitudinal  direction,  and  it  is  on  this 
account  that  the  pyramids  increase  in  size  from  below  upward.  The 
pyramids  accordingly  consist  of  fibres  which  are  derived  from  the  lateral 
and  posterior  columns  of  the  opposite  side  of  the  cord.  They  are  not 
the  continuation  of  the  longitudinal  tracts  which  form  the  anterior 
columns  below;  these  columns,  on  the  contrary,  diminishing  rapidly  in 
size  from  within  outward,  until  they  disappear  almost  completely  above 
the  level  of  the  decussation  of  the  pyramids.  Thus  the  decussation  of 
the  pyramids  represents  that  of  all  the  remaining  longitudinal  fibres  of 
the  spinal  cord,  so  far  as  it  takes  place  in  the  medulla  oblongata. 

The  longitudinal  fibres  of  the  posterior  columns  also  diminish  con- 
siderably in  number  in  the  medulla  oblongata,  as  shown  by  Henle, 
owing  to  their  taking  a horizontal  direction,  forward  and  inward,  to 
reach  the  decussation  of  the  anterior  pyramids ; while  the  remaining 
longitudinal  fibres  of  these  columns  pass  into  and  through  the  restiform 
bodies  to  the  white  substance  of  the  cerebellum. 

The  arrangement  of  the  gray  substance  in  the  medulla  oblongata  is 
also  different  from  that  presented  in  the  spinal  cord.  In  the  first  place, 
according  to  the  observations  of  Kolliker,  it  increases  in  quantity  from 
below  upward.  Secondty,  the  central  mass  of  gray  substance,  which  in 
the  cord  surrounds  the  central  canal,  and  sends  out  on  each  side  the 
anterior  and  posterior  horns,  recedes  in  the  medulla  oblongata  farther 
and  farther  backward  ; the  posterior  horns  spreading  out  laterally,  and 
the  remainder  occupying  the  space  between  them.  The  posterior 
median  fissure  also  becomes  gradually  shallower  and  wider  by  the 
divergence  of  the  posterior  columns ; and  the  central  canal  approxi- 
mates the  posterior  wall  of  the  medulla,  finally  opening  upon  its  surface 
at  the  lower  part  of  the  fourth  ventricle.  The  gray  substance  of  the 
medulla  oblongata  is  thus  uncovered  posteriorly,  and  forms  a layer 
spread  out  laterally,  on  each  side  of  the  median  line,  immediately  be- 
neath the  floor  of  the  fourth  ventricle.  It  extends  forward,  without  any 
complete  interruption,  beneath  the  whole  length  of  the  fourth  ventricle 
and  the  aqueduct  of  Sylvius;  and  it  is  this  layer  of  gray  substance 
which  gives  origin,  at  various  points,  to  the  fibres  of  all  the  cranial 
nerves,  excepting  the  olfactory  and  the  optic. 

Thirdly,  the  medulla  oblongata  is  distinguished  by  the  appearance, 
in  its  interior,  of  other  deposits,  or  nuclei,  of  gray  substance,  detached 
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from  those  belonging  to  the  spinal  cord.  The  most  marked  of  these  is 
the  olivary  nucleus ; a convoluted  lamina  about  one-third  of  a milli- 
metre in  thickness,  occupying  the  interior  of  the  olivary  body  on  each 
side,  just  below  the  inferior  border  of  the  pons  Varolii. 


Fig.  168. 


Transverse  Section  op  Human  Medulla  Oblongata,  at  the  lower  part 
of  the  fourth  ventricle. — No,  Olivary  nucleus.  E,  Raphe,  at  the  median  line.  Ag  , Nuc  eos 
of  the  ftlosso-pharyngeal  nerve.  Nv,  Nucleus  of  the  pneumogastric  nerve  Nh,  Nucleus 
of  the  hypoglossal  nerve.  IX,  Roots  of  the  glosso-pharyngeal  nerve  (9th  pair)  at  their  point 
of  emergence  from  the  medulla.  XII,  Roots  of  the  hypoglossal  nerve  (12th  pair)  at  their 
point  of  emergence  from  the  medulla.  Magnified  8 diameters.  (Henle.) 


In  transverse  sections,  near  its  upper  or  lower  extremity,  the  ohvary 
nucleua  appears  completely  closed,  but  a section  through  its  mi  c e 
shows  a gap  toward  the  median  line.  It  forms,  therefore,  an  ovoid 
sac,  with  its  long  diameter  parallel  to  the  axis  of  the  medulla,  and  an 
opening  at  its  middle  directed  inward.  Through  this  opening  bundles 
of  nerve  fibres  penetrate  from  the  white  substance  of  the  medulla,  and, 
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after  filling  the  space  inclosed  by  its  convoluted  wall,  pass  through  it, 
and  spread  out  laterally  in  a divergent  direction. 

Physiological  Properties  of  the  Medulla  Oblongata. — The  simplest 
examination  of  the  medulla  oblongata  shows  that  its  physiological  pro- 
perties are  more  distinctly  marked  than  those  of  any  other  part  of  the 
encephalic  mass.  It  is  both  sensitive  and  excitable  to  a high  degree, 
especially  in  its  posterior  portions.  Artifical  irritation,  by  mechanical 
or  galvanic  stimulus,  causes  at  once  a painful  sensation,  provided  the 
rest  of  the  brain  be  uninjured,  and  in  the  recently  killed  animal  produces 
general  convulsive  movements  of  considerable  intensit}'.  Ihese  effects 
are  due  to  the  irritability  of  the  longitudinal  fibres  connecting  the  me- 
dulla with  the  spinal  cord,  and  to  the  roots  of  the  sensitive  and  motor 
cranial  nerves  which  take  their  origin  from  this  part  of  the  encephalic 
mass.  Since  the  medulla  is  the  only  bond  of  nervous  communication 
between  the  brain  and  the  spinal  cord,  its  section  at  any  point  also 
destroys  voluntary  motion  and  sensibility  throughout  the  body  and 
limbs. 

Action  of  the  Medulla  as  a Nervous  Centre. — The  various  deposits 
of  gray  substance  in  the  interior  of  the  medulla,  and  their  connection 
with  nerves  of  widely  different  distribution  and  functions,  are  the  pecu- 
liar features  of  its  anatomical  structure.  The  results  of  experiment 
show  that  the  reflex  actions  taking  place  in  this  part  of  the  nervous 
system  are  also  of  a special  and  distinctive  character. 

The  most  important  of  these  actions  is  connected  with  respiration. 
So  long  as  the  medulla  oblongata  is  left  uninjured,  although  the  cranium 
be  emptied  of  all  the  other  nervous  centres,  the  movements  of  respira- 
tion and  circulation  go  on  without  essential  modification.  But  if  the 
medulla  be  destroyed,  respiration  ceases  instantaneously.  This  effect  may 
be  produced,  without  injuring  other  parts  of  the  brain,  in  dogs  or  other 
warm-blooded  animals,  by  introducing  a steel  instrument  from  behind, 
between  the  edges  of  the  occipital  foramen  and  the  first  cervical  verte- 
bra, carrying  it  forward  in  the  median  line  until  its  point  rests  upon 
the  basilar  process  of  the  occipital  bone.  It  is  then  moved  from  side  to 
side  in  such  a way  as  to  break  up  the  substance  of  the  medulla  oblon- 
gata, when  all  the  movements  of  respiration  are  at  once  arrested.  The 
circulation  continues,  and  the  pulsations  of  the  heart  are  even  increased 
for  a time  in  force  and  frequency ; but  as  the  deficiency  of  aeration  in 
the  blood  becomes  more  marked,  the  circulation  is  gradually  retarded 
and  after  several  minutes  comes  to  an  end.  The  effect  of  this  operation 
upon  the  two  functions  of  circulation  and  respiration  is  very  different. 
The  circulation  is  interfered  with  and  finally  suspended  in  a secondary 
manner,  and  only  because  the  blood  is  no  longer  arterialized ; respira- 
tion is  abolished  instantaneously,  as  the  immediate  result  of  the  destruc- 
tion of  the  medulla  oblongata. 

The  medulla  is,  therefore,  the  most  important  nervous  centre  in  the 
brain  for  the  immediate  preservation  of  the  vital  functions,  and  the 
only  one  whose  injury  or  removal  produces  at  once  a fatal  result. 

33 


506 


THE  BRAIN. 


In  man,  quadrupeds,  and  birds,  it  is  a vital  point;  since  in  them  the 
function  of  respiration,  over  which  it  presides,  is  necessary  for  the  con- 
tinuance of  life  from  one  moment  to  another. 

The  fact  that  sudden  death  may  be  produced  by  injury  of  the  cerebro- 
spinal axis  in  this  region  was  known  to  Galen,  who  described  the  method 
of  killing  an  animal  by  section  of  the  spinal  cord  “ at  the  upper  cervical 
vertebral.”  The  respiratory  movements  of  the  chest  and  abdomen  are 
however  necessarily  arrested  by  section  of  the  cord  anywhere  above 
the  third  cervical  vertebra,  since  this  paralyzes  at  once  both  the  dia- 
phragm and  the  intercostal  muscles.  But  movements  of  inspiration, 
simultaneous  with  those  of  the  chest  and  abdomen,  are  also  performed 
by  the  glottis;  and  in  most  of  the  quadrupeds  there  is  at  the  same  time 
an  expansion  of  the  nostrils,  all  associated  with  each  other  in  the  net 
of  respiration.  If  the  spinal  cord  be  divided  at  the  third  cervical  verte- 
bra the  movements  of  the  chest  and  abdomen  cease,  but  those  of  the 
glottis  and  the  nostrils  continue,  since  the  nerves  supplying  these  parts 
are  still  in  communication  with  the  medulla  oblongata.  Destruction 
of  the  medulla  itself,  on  the  other  hand,  arrests  at  the  same  instant  all 
movements  of  respiration,  both  in  the  trunk,  the  glottis,  and  the  face. 
It  is,  therefore,  a centre  from  which  the  respiratory  apparatus  in  general 
derives  its  stimulus. 

The  more  exact  location  of  this  centre  was  investigated  by  Flouiens 
by  making  transverse  sections  of  the  medulla  at  different  parts  of  its 
length,  and  observing  the  effect  produced  upon  respiration.  The  result 
showed  that  injuries  of  this  kind,  inflicted  just  behind  the  point  of 
emergence  of  the  pneumogastric  nerves,  destroyed  at  once  all  the  move- 
ments of  respiration  together.  Below  this  point  the  movements  of  the 
chest  and  abdomen  were  stopped,  but  those  of  the  nostrils  and  glottis 
continued ; above  it  the  movements  of  the  nostrils  were  arrested,  while 

those  of  the  chest  and  abdomen  went  on. 

Similar  experiments  performed  by  Longet  show  that  the  respiratory 
centre  does  not  extend  through  the  entire  thickness  of  the  medulla; 
since  either  the  anterior  pyramids  in  front  or  the  restiform  bodies 
behind  may  be  destroyed  without  putting  a stop  to  respiration  ; while  a 
lesion  passing  through  the  intermediate  layer  at  once  causes  its  sus- 
pension. Flourens  subsequently2  limited  the  position  of  this  centre 
still  more  closely,  and  found  that  in  rabbits  it  occupies  a space  of  about 
2 5 millimetres  on  each  side  the  median  line,  situated  at  the  lower  end 
of  the  fourth  ventricle,  a little  in  advance  of  the  divergence  of  the 
posterior  pyramids,  and  just  at  the  point  of  gray  substance  formed  by 
the  ala  cinerea.  A section  of  the  medulla  at  this  spot,  with  a double- 
edged  knife  only  5 millimetres  wide,  or  its  perforation  at  the  same 
point  with  a sharp-edged  canula  not  more  than  3 millimetres  in 


' Recherches  Experimental  sur  les  Propriety  et  les  Functions  du  Systemc 

Nerveux.  Paris,  1842,  pp.  196-204.  . x on~ 

^ Oomptes  Rendu  de  1’ Academic  des  Sciences.  Pans,  18o8,  tome  xlvn.  p.  803. 
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diameter,  caused  immediate  stoppage  of  the  respiration;  while  this 
effect  was  not  produced  by  similar  injuries  inflicted  either  above  or 
below.  This  spot,  which  contains  the  nervous  centre  of  the  movements 
of  respiration,  corresponds  in  level,  in  front  of  the  medulla  oblongata, 
with  the  upper  end  of  the  decussation  of  the  anterior  pyramids,  or  the 
lower  extremity  of  the  olivary  bodies,  and  is  somewhat  below  the 
apparent  origin  of  the  pneumogastric  nerves. 

Respiration  accordingly  is  an  act  consisting  of  various  associated 
movements,  which  have  their  nervous  centre  in  the  medulla  oblougata. 
The  respiratory  movements  themselves  are  completely  involuntary  in 
character ; for  although  those  of  the  chest  and  abdomen  may  be  for  a 
short  time  increased  in  frequency,  the  surplus  movements  thus  per- 
formed are  not  necessary  to  respiration,  and  soon  produce  a fatigue  which 
prevents  their  continuance.  Respiration  goes  on  with  its  natural  rhythm, 
and  entirely  unaccompanied  by  fatigue,  under  the  influence  of  the  me- 
dulla, from  the  first  moment  of  birth  and  without  any  necessary  con- 
sciousness of  its  existence.  If  arrested  by  a voluntary  effort,  the 
internal  stimulus  which  prompts  the  movement  grows  gradually 
stronger,  until  the  will  is  no  longer  capable  of  resisting  its  demands. 
As  soon  as  the  voluntary  resistance  is  overcome  or  discontinued,  the 
respiratory  movements  recommence  by  the  independent  action  of  the 
medulla  oblongata. 

The  action  of  the  medulla  in  respiration  is  one  of  a reflex  nature. 
The  impression  by  which  it  is  called  out  has  its  origin  in  the  partial 
want  of  arterialization  of  the  blood,  and  especially  in  the  commencing 
accumulation  of  carbonic  acid  in  the  lungs  and  in  the  tissues.  In 
normal  respiration,  this  impression  is  sufficient  to  excite  the  reflex 
action  of  the  medulla  without  producing  a conscious  sensation  ; and  on 
the  renewal  of  the  air  in  the  lungs  by  inspiration,  the  impulse  is  satisfied, 
the  muscles  relax,  and  expiration  is  accomplished  by  the  passive  col- 
lapse of  the  lungs  and  thorax.  In  a few  seconds  the  previous  condition 
recurs  and  the  actions  are  repeated  as  before,  causing  in  this  way  the 
regularly  alternating  movements  of  inspiration  and  expiration. 

Since  the  acts  of  inspiration  are  -performed  partly  by  the  diaphragm 
and  partly  by  the  intercostal  muscles,  they  will  be  differently  modified 
by  injuries  or  lesions  of  the  nervous  system,  according  to  the  spot  at 
which  they  are  situated.  If  the  spinal  cord  be  divided  or  compressed 
in  the  lower  cervical  region,  all  the  intercostal  muscles  are  necessarily 
paralyzed,  and  respiration  is  then  performed  only  by  the  diaphragm. 
If  the  phrenic  nerve,  on  the  other  hand,  be  divided,  the  diaphragm  alone 
is  paralyzed,  and  respiration  is  performed  altogether  by  the  rising  and 
falling  of  the  ribs.  If  the  injury  inflicted  upon  the  spinal  cord  be  above 
the  origin  of  the  third  cervical  nerve,  both  the  phrenic  and  intercostal 
nerves  are  paralyzed,  and  death  takes  place  from  suffocation.  The  at- 
tempt at  respiration,  however,  still  continues  in  these  cases,  showing 
itself  by  ineffectual  inspiratory  movements  of  the  mouth  and  nostrils. 
Finally,  if  the  medulla  itself  be  broken  up  at  the  situation  of  the 
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respiratory  centre,  both  the  power  and  the  stimulus  to  breathe  are  at 
once  taken  away.  No  attempt  is  made  at  inspiration  and  there  is  no 
appearance  ol'  suffering.  The  animal  dies  by  want  of  aeration  of  the 
blood,  which  leads  after  some  moments  to  arrest  of  the  circulation. 

An  irregularity  in  the  movements  of  respiration  is  accordingly  one 
of  the  most  threatening  symptoms  in  affections  of  the  brain.  A sus- 
pension of  the  intellectual  powers  does  not  necessarily  indicate  imme- 
diate danger  to  life.  Even  sensation  and  volition  may  be  impaired 
without  direct  injury  to  the  organic  functions.  Cerebral  apoplexy  at 
the  surface  of  the  hemispheres,  in  the  lateral  ventricles,  or  in  the  cerebral 
ganglia,  is  seldom  immediately  fatal,  however  extensive  may*-  be  the  in- 
jury of  the  parts.  But  when  occurring  in  the  substance  of  the  medulla 
oblongata  or  its  immediate  neighborhood,  it  produces  death  instan- 
taneously by  the  same  mechanism  as  where  this  part  is  intentionally 
destroyed  by  experiment  in  the  lower  animals.  When  the  medulla  is 
beginning  to  be  implicated,  in  man,  by  a progressive  disease  or  by 
gradual  failure  of  the  nervous  functions,  the  respiratory  movements 
first  affected  are  those  of  the  nostrils’  and  lips,  while  those  of  the  chest 
and  abdomen  go  on  for  a time  as  usual.  The  cheeks  are  drawn  in  with 
every  inspiration  and  puffed  out  with  every  expiration,  the  nostiils 
sometimes  participating  in  these  abnormal  movements.  A still  more 
threatening  symptom,  and  one  which  frequently  precedes  death,  is  an 
irregular  and  hesitating  respiration,  sometimes  noticeable  even  before 
the  remaining  cerebral  functions  are  seriously  impaired.  These  phe- 
nomena depend  on  the  connection  between  respiration  and  the  lcfiex 
action  of  the  medulla  oblongata. 

The  process  of  deglutition  is  also  accomplished  under  the  control  of 
the  medulla.  Mastication  of  the 'food  by  the  movements  of  the  jaws, 
and  its  transfer  by  the  tongue  to  the  entrance  of  the  fauces,  are  volun- 
tary actions  which  may  be  continued  or  arrested  at  wdl.  But  when  the 
food  has  passed  from  the  mouth  into  the  pharynx,  the  act  of  deglutition, 
by  which  it  is  carried  down  into  the  stomach,  is  reflex  and  involuntary 
in  character.  Once  commenced,  it  cannot  be  arrested  by  the  influence 
of  the  will,  as  it  consists  of  a series  of  muscular  contractions  following 
each  other  in  regular  and  undeviating  succession.  These  contractions 
receive  their  impulse  from  the  medulla  oblongata.  In  the  experiments 
of  Flourens  and  Longet,  fowls  and  pigeons,  after  removal  of  the  cerebral 
hemispheres,  never  picked  up  their  food  spontaneously,  nor  ever  swal- 
lowed it  when  placed  in  the  mouth  at  the  end  of  the  beak;  but  if  earned 
backward  and  placed  in  the  commencement  of  the  pharynx,  it  was  at 
once  embraced  by  the  muscular  walls  of  this  organ,  and  earned  into 
the  stomach  by  a continuous  movement  of  deglutition.  This  includes, 
not  only  the  associated  contraction  of  the  walls  of  the  pharynx  am 
oesophagus,  but  also  the  stoppage  of  respiration  and  the  closure  of  the 
glottis,  by  which  the  food  is  prevented  from  passing  into  the  larynx. 
According  to  Yulpian,  after  all  parts  of  the  brain  have  been  removed, 
in  cats  or  guinea  pigs,  excepting  the  medulla,  swallowing  may  still  be 
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accomplished  by  reflex  action  ; but  it  becomes  impossible  as  soon  as 
this  part  is  removed  or  seriously  injured.  The  muscular  combinations 
necessary  to  deglutition  cannot  take  place,  except  under  the  influence 
of  the  medulla  as  a nervous  centre. 

This  action  may  consequently  be  performed,  in  man,  after  all  sensi- 
bility and  voluntary  power  have  disappeared.  In  cases  of  compression 
of  the  brain  from  injury  or  disease,  when  the  individual  is  in  a state  of 
complete  unconsciousness,  and  even  when  the  respiration  is  diminished 
in  frequency,  solid  or  liquid  food,  if  carried  into  the  upper  part  of  the 
pharynx,  may  be  successfully  swallowed  by  the  ordinary  movements  of 
deglutition.  When  this  process  is  no  longer  possible,  or  is  accompanied 
by  choking  or  regurgitation,  it  indicates  that  the  medulla  has  become 
seriously  affected,  and  that  death  is  probably  near  at  hand. 

The  medulla  is  furthermore  connected  with  the  act  of  phonation.  The 
production  of  a vocal  sound  is  usually  the  result  of  a voluntary  impulse 
derived  from  the  operation  of  the  cerebral  hemispheres.  It  is  sometimes^ 
also  a purely  emotional  act,  originating  in  the . excitement  of  the  tuber 
annulare,  and  without  any  reasonable  or  intelligent  motive.  But  in 
these  cases  its  production  is  a secondary  result,  requiring  the  co-opera- 
tion of  other  nervous  elements,  and  its  immediate  centre  is  located  in 
the  medulla.  This  is  shown  by  the  fact  that  a cry  may  still  be  produced 
when  the  upper  parts  of  the  encephalon  have  been  destroyed  or  removed, 
and  when  an  irritation  is  applied  to  the  medulla  alone.  If  a stilet  be 
introduced  into  the  cranium  of  a frog,  the  cerebral  hemispheres  may 
be  broken  up  without  producing  any  excitement  of  the  vocal  organs ; 
but  when  the  instrument  touches  the  medulla,  its  contact  is  often  fol- 
lowed by  a distinct  and  spasmodic  cry.  Yulpiau  has  shown  that  a similar 
effect  may  be  produced  in  mammalians,  after  removal  of  the  whole 
encephalon  excepting  the  medulla,  by  a reflex  action.  A cry  is  pro- 
duced each  time  the  integument  of  the  foot-is  pinched  bj'  the  blades  of 
a forceps.  This  sound,  however,  gives  no  indication  of  consciousness 
or  sensibility  on  the  part  of  the  animal.  It  is  short,  abrupt,  and  momen- 
tary in  duration,  and  is  repeated  only  when  the  irritation  is  again  applied 
to  the  external  parts.  It  is  a purely  mechanical  effect  of  the  tension  of 
the  vocal  cords -and  the  sudden  expulsion  of  air  through  the  rima  glot. 
tidis.  After  the  destruction  of  the  medulla,  on  the  other  hand,  no  vocal 
sound  can  be  produced,  and  the  same  irritation  of  the  integument  is 
then  followed  only  by  the  ordinary  spasmodic  movement  of  the  limbs, 
dependent  on  the  reflex  action  of  the  spinal  cord. 

In  the  exercise  of  the  voice,  therefore,  the  preliminary  actions  of  in- 
telligence, volition,  or  emotional  excitement  require  the  co-operation  of 
the  cerebrum  and  the  tuber  annulare;  but  the  immediate  mechanism  by 
which  a vocal  sound  is  produced  in  the  larynx  has  its  nervous  centre  in 
the  medulla  oblongata. 

This  part  of  the  brain,  with  the  adjoining  part  of  the  tuber  annulare, 
is  also  the  direct  source  of  the  movements  of  articulation.  It  is  the 
gray  substance  of  this  region  that  gives  origin  to  the  hypoglossal  and 
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facial  nerves  which  animate  the  muscles  of  the  tongue  and  lips,  as  well 
as  the  motor  fibres  which  regulate  the  condition  ol  the  rima  glottidis. 
Disease  or  injury  in  this  situation,  sufficient  to  impair  the  action  of  these 
nerves,  consequently  makes  articulation  difficult  or  impossible,  by  para- 
lyzing the  muscles  upon  which  it  is  dependent.  This  affection  is  quite 
distinct  from  “ aphasia,”  which  is  of  cerebral  origin  and  consists  in  a 
loss  or  deterioration  of  mental  faculties  alone,  the  external  mechanism 
of  speech  being  unaffected  and  the  muscles  of  the  tongue  and  lips  ic- 
taining  their  power  of  movement  in  any  direction.  When  the  difficulty 
is  seated  in  the  medulla,  on  the  other  hand,  the  muscular  paralysis  is 
very  evident,  and  is  distinguished  by  being  more  or  less  confined  to 
those  groups  of  muscles  which  are  concerned  in  articulation  and  phona- 

tion.  r 

Such  an  affection  is  that  first  described  by  Duchenne  and  now  gene- 


rally  recognized  under  the  name  of  glosso-labio-laryngeal  paralysis.  It 
is  a paralysis  due  to  chronic  degeneration  of  gray  nervous  tissue  in  the 
medulla  oblongata,  which  affects  the  motor  nerves  of  the  tongue,  the 
face,  the  hanging  palate,  and  the  larynx.  The  first  difficulty  is  generally 
noticeable  in  the  movements  of  the  tongue,  which  cannot  be  applied 
accurately  to  the  upper  teeth  or  to  the  roof  of  the  mouth ; and  the 
lingual  and  dental  consonants  are  therefore  pronounced  imperfectly  or 
nofat  all.  The  lips  are  next  affected,  so  that  they  cannot  be  brought 
in  contact  with  each  other,  and  B and  P are  pronounced  like  V or  F. 
As  the  debility  of  the  orbicularis  oris  increases,  the  lips  cannot  even  be 
partially  approximated  and  the  vowels  0 and  U are  no  longer  sounded; 
and  by  the  continued  exaggeration  of  these  difficulties  the  patient’s 
speech  becomes  at  last  unintelligible.  Deglutition  is  also  affected,  and 
attempts  at  swallowing  are  liable  to  cause  choking,  from  the  imperfect 
protection  of  the  rima  glottidis.  Phonation  becomes  impaired  from 
debility  of  the  laryngeal  muscles,  and  in  advanced  cases  no  vocal  sounr 
can  be  produced.  The  disease  is  uniformly  progressive,  and  terminates 
life  usually  by  affecting  the  movements  of  respiration.  _ 

The  medulla  oblongata  is  accordingly  the  seat  of  reflex  actions  which 
are  directly  or  indirectly  connected  with  the  immediate  preservation  of 
life,  since  it  maintains  the  movements  by  which  air  amj  food  are  intro- 
duced into  the  interior  of  the  body.  It  also  presides  over  the  immediate 
muscular  combinations  concerned  in  the  production  of  theioice  an 
articulation,  and  by  this  means  establishes  an  intelligible  communica- 
tion with  the  external  world. 


of  the  Nervous  System.  New  York,  1871,  p.  G76. 


1 Hammond,  Diseases 


CHAPTER  YI. 


THE  CRANIAL  NERYES. 

f 

Or  the  twelve  pairs  of  nerves  which  take  their  origin  from  the  hrain, 
the  greater  number  present  distinct  analogies,  both  anatomical  and 
‘physiological,  with  the  spinal  nerves.  All  those  which  are  distributed 
to  the  integument  and  mucous  membranes,  or  to  the  superficial  and  deep 
muscles  of  the  head  aud  face,  correspond  in  all  important  characters 
with  the  sensitive  and  motor  nerves  formed  from  the  anterior  and  pos- 
terior spinal  nerve  roots.  Three  of  them,  however,  show  no  resem- 
blance, either  iu  their  anatomical  distribution  or  their  physiological 
properties,  with  the  rest.  They  are  the  so-called  olfactory,  optic,  and 
auditory  nerves.  After  leaving  their  points  of  origin  in  the  brain,  they 
are  distributed  neither  to  muscles  nor  to  the  integument  or  mucous 
membranes ; but  terminate  in  nervous  expansions  of  special  form  and 
structure,  in  which  the  gray  substance  or  collections  of  nerve  cells 
reappear  as  prominent  elements  of  the  tissue.  During  their  passage 
through  the  cavity  of  the  cranium,  these  nerves  are  neither  sensitive 
nor  excitable  in  the  ordinary  sense  of  the  word.  Their  irritation  causes 
no  tactile  or  painful  sensation,  nor  any  direct  muscular  contraction  ; 
and  their  section  produces  no  paralysis  of  the  voluntary  muscles,  nor 
au}'  loss  of  general  sensibility  in  the  neighboring  parts.  They  are  to 
be  considered  rather  in  the  light  of  tracts  or  commissures  than  of  ordi- 
nary nerves,  and  their  physiological  properties  are  those  connected  with 
the  operation  of  the  special  senses  alone. 

The  remaining  cranial  nerves,  on  the  other  hand,  are  similar,  both 
in  structure,  arrangement  and  function,  to  those  in  other  parts  of  the 
cerebro-spinal  system.  Some  of  them,  like  the  oculo-motorius,  the 
patheticus,  and  the  facial,  are  plainly  motor  in  character,  are  distributed 
to  muscles,  produce  convulsive  motion  on  being  irritated,  and,  when 
injured  or  divided,  leave  the  corresponding  parts  in  a state  of  paralysis. 
Others,  such  as  the  trigeminus,  the  glosso-pharyngeal,  and  the  pneumo- 
gastric,  are  sensitive  nerves,  possessing  either  an  acute  tactile  sensibility, 
like  the  trigeminus,  or  one  of  a more  obscure  and  special  nature  adapted 
for  the  production  of  involuntary  reflex  actions,  like  the  glosso-pharyn- 
geal and  pneumogastric.  Like  the  posterior  roots  of  the  spinal  nerves, 
these  are  also  provided  with  a ganglion  situated  at  a short  distance 
from  their  points  of  emergence  at  the  base  of  the  brain ; and  they  are 
distributed  either  to  the  integument  or  mucous  membranes  or  to  both. 

The  analogy  in  anatomical  arrangement  between  the  spinal  and  cranial 
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nerves  is  in  some  instances  very  marked.  I be  fifth  pair  or  trigeminus 
emerges  from  the  tuber  annulare  in  two  distinct  bundles  or  roots,  of 
which  one  is  sensitive,  the  other  motor;  the  sensitive  root  presenting 
soon  afterward  a well  developed  ganglion,  with  which  the  fibres  of  the 
motor  root  do  not  mingle.  This  nerve  beyond  the  ganglion,  therefore, 
contains  both  motor  and  sensitive  fibres,  and  is  distributed  both  to 
muscles  and  to  the  integument.  In  a similar  manner  the  glosso-pha- 
ryngeal  nerve  is  joined,  beyond  its  ganglion,  by  motor  fibres  from  the 
facial;  and  the  pneumogastric  receives  abundant  communications  from 
the  spinal  accessory  and  other  motor  nerves.  Both  the  sensibility  and 
motion  therefore  of  the  parts  to  which  they  are  distributed  are  provided 
for,  in  a manner  not  essentially  different,  by  both  the  cranial  and  spinal 

nerves. 

The  other  points,  both  of  difference  and  analogy,  in  the  cranial  nerves, 
relate  to  their  origin  and  distribution.  Their  apparent  origin,  that  is, 
the  point  at  which  they  become  detached  from  the  surface  of  the  brain, 
is  not  their  real  origin ; but  in  every  case  their  fibres  can  be  traced  from 
this  point  inward,  between  other  longitudinal  or  transverse  tracts  of 
white  substance,  until  they  reach  a mass  of  gray  matter,  often  placed  at 
a considerable  distance  and  in  quite  a different  locality  from  their 
apparen  origin.  All  the  cranial  nerves,  excepting  the  olfactory  and 
the  optic,  are  thus  found  to  originate  from  a mass  of  gray  substance 
upon  and  beneath  the  floor  of  the  fourth  ventricle,  and  extending  forward 
to  surround  the  aqueduct  of  Sylvius.  This  layer  of  gray  substance  is  a 
continuation  of  that  in  the  spinal  cord  ; but  while  in  the  cord  it  has  t e 
form  of  a central  mass  with  lateral  anterior  and  posterior  horns,  in  the 
medulla  oblongata  it  takes  the  shape  of  a lamina  occupying  only  the 
posterior  part  of  the  cerebro-spinal  axis.  In  its  various  divisions  and 
expansions,  which  are  rarely,  if  ever,  completely  discontinuous  fiom 
each  other,  it  forms  the  so-called  “ nuclei”  of  the  cranial  nerves. 

In  their’  distribution,  these  nerves  present  also  certain  anatomica 
features  which  are  more  apparent  than  real  in  their  importance.  The 
oculomotorius,  patheticus,  and  abducens  emerge  from  the  substance  of 
the  brain  at  ^ery  different  points,  and,  running  forward  through  the 
cranial  cavity  h/the  form  of  separate  cords,  are  enumerated  as  Unee 
d knot  ncrvel  But  they  ell  originate  from  the  layer  of  ^ ““ 
already  mentioned,  two  of  them,  the  oculomotorius  and  the  patheticus 
in  close  proximity  to  each  other;  they  all  pass  out  of  the  cranium  into 
h.'oTbffa  cavity,  by  the  sphenoidal  fissure  ; and  they  are  all  distributed 
to  the  group  of  muscles  moving  the  eyeball.  In  a physiological  point 
of  view  therefore,  they  are  branches  of  a single  nerve,  rather  than  three 
Trunks  Even  when  two  or  more  nerves  emerge  from  the 
S!  by  different  foramina,  like  the  three  divisions  of  the  trigeminy 
they  are  nevertheless,  properly  speaking,  parts  of  the  “mejeive^f  th  y 
have  similar  physiological  properties  of  a 

nerv^anTnot  itVcmirsuthrough  the  bones  of  the  skull,  that  determines 
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its  physiological  character  and  position.  The  details  of  branching  and 
division  of  the  cranial  nerves  vary  in  different  species  of  animals,  or 
even  to  some  extent  in  the  same  individual  on  the  two  opposite  sides 
of  the  body,  but  their  physiological  characters  remain  the  same.  Thus 
in  the  bull-frog,  as  shown  by  Wyman,1  both  the  facial  nerve  and  the 
abducens,  instead  of  existing  as  distinct  trunks,  are  given  off  as  branches 
from  the  fifth  pair  ; and  in  most  of  the  quadrupeds,  the  terminal  frontal 
branches  of  the  ophthalmic  division  of  the  trigeminus  are  wanting,  or 
reduced  to  trifling  dimensions,  in  accordance  with  the  absence  of  sensi- 
bility in  the  skin  of  the  forehead  and  vertex. 

The  cranial  nerves  may,  therefore,  be  conveniently  arranged  in  pairs 
according  to  their  distribution  and  functions,  rather  than  the  incidental 
peculiarities  of  their  course  or  subdivision.  The  olfactory,  optic,  and 
auditory  nerves  thus  form  a group  by  themselves  of  a specific  character  ; 
while  the  remainder  consist  of  the  motor  and  sensitive  nerves,  supply- 
ing the  muscular  apparatus  and  the  integument  or  mucous  membrane 
of  different  regions. 


Cranial  Nerves. 

Nerves  of  Special  Sense. 

1.  Olfactory.  2.  Optic.  3.  Auditory. 

Motor  nerves.  Sensitive  nerves.  Distributed  to  the 


1st  PAIR.  - 


2d  PAIR. 
3d  PAIR. 


' Oculomotorius 
Patketicus 
Abducens 
Facial 

Small  root  of  5th  pair 
Hypoglossal 
Spinal  accessory 


- Trigeminus. 

Glosso-pharyngeal. 

Pneumogastric. 


Upper,  middle,  and 
lower  facial  regions. 

Tongue  and  pharynx. 
Passages  of  respira- 
tion and  deglutition. 


This  division  of  the  nerves,  though  based  on  their  physiological 
characters  and  distribution,  is  not  absolutely  perfect  in  all  particulars. 
For  while  the  hypoglossal  nerve  supplies  the  muscles  of  the  tongue 
alone,  its  associate,  the  gloss-pharyngeal,  sends  a part  of  its  sensitive 
fibres  to  the  tongue  and  a part  to  the  pharynx  ; and  while  the  trigeminal 
nerve  is  mainly  distributed  to  the  external  parts  of  the  face,  one  of  its 
deeper  branches,  the  lingual,  is  distributed  to  the  tongue.  Notwith- 
standing, however,  these  irregularities,  such  an  arrangement  of  the 
cranial  nerves  is  substantially  correct,  and  may  serve  as  a useful  guide 
in  the  study  of  their  functions. 


First  Pair.  The  Olfactory  Nerves. 

What  is  called  in  man  the  “olfactory  nerve,”  is  a three-cornered  pris- 
matic tract,  composed  of  both  gray  and  white  substance,  running  forward 
in  a longitudinal  groove  upon  the  inferior  surface  of  the  anterior  cerebral 


1 Nervous  System  of  Rana  pipiens ; published  by  the  Smithsonian  Institution 
Washington,  1853. 
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lobe,  near  the  median  line,  and  terminating  anteriorly  in  a flattened 
ovoid  mass  of  gray  substance,  the  “olfactory  bulb.”  The  olfactory 
bulb  rests  upon  the  cribriform  plate  of  the  ethmoid  bone,  and  gives  oi , 
through  the  perforations  in  this  bone,  the  true  nervous  filaments  sup- 
plying the  olfactory  membrane  in  the  nasal  passages.  The  prismatic 
tract  which  connects  the  olfactory  bulb  with  the  rest  of  the  brain  is  in 
reality,  according  to  both  Henle  and  Meynert,  a prolongation  ot  one  oi 
the  cerebral  convolutions.  It  originates  in  a rounded  eminence  called 
the  “olfactory  tubercle,”  situated  at  the  back  part  and  under  surface 
of  the  anterior  cerebral  lobe,  just  inside  the  island  of  Reil,  with  which  it 
is  connected.  It  consists,  like  the  other  cerebral  convolutions,  oi  gray 
substance  containing  pyramidal  cells.  Its  peculiarity,  as  shown  by 
Henle,  consists  in  the  fact  that  bundles  of  nerve  fibres  from  the  interior 


Fig.  169. 


Ty  i t Section  o»  the  Cerebral  Hemisphere,  through  thesitua- 
Longithdinal  SECTI  ,f  torv  nerve.— 1.  Olfactory  nerve.  2.  Olfac- 
tion of  the  °lfac‘°ry c“  Con.  Anterior  cerebral  commissure.  Cba.  Anterior 

rimRsurfof  £ X*  S brain.  Magnified  once  and  one  half.  (Henle.) 


mss  through  its  cortical  layer  of  gray  matter,  and  appear  upon  its 
surface  as  more  or  less  distinct  striations  of  white  substance.  It  is 
these  white  striations  which  have  been  designated  as  the  olfactoiy 
» root8  » and  which  give  to  the  tract  terminating  in  the  bulb  the  external 
a nerve.  They  are  derived  from  the  white  substance  of 
t^he  "cerebral  hemispheres,  and  continue  forward  to  the  gray  matter  of 
,,  nlf.lctorv  bulb  A communication  is  established  between  the  olfao- 
torv  nerves  o^the  two  opposite  sides  through  the  internal  white  sub- 
L of  the  olfactory  tubercles.  According  to  Vulpian,  there  is  also 
a ZoJ direct  communication,  visible  in  the  dog,  the  sheep,  and  the 
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rabbit,  formed  by  one  of  the  so-called  olfactory  nerve  roots,  which  turns 
inward  and  crosses  the  median  line,  in  company  with  the  fibres  of  the 
anterior  cerebral  commissure. 

Physiological  Properties  of  the  Olfactory  Nerve The  olfactory 

nerve  thus  formed  is  a tract  of  communication  between  the  central 
parts  of  the  brain  and  the  olfactory  bulb.  Its  physiological  connection 
" ith  the  sense  of  smell  is  indicated  by,  1st,  its  anatomical  relations: 
2d,  its  comparative  development  in  different  species  of  animals  ; and  3d” 
the  results  of  its  injury  or  disease. 

I.  1 he  only  anatomical  connection  of  the  olfactory  nerve,  at  its 
anterior  extremity,  is  with  the  olfactory  bulb;  and  the  nerve  fibres 
gn  en  ofl  fiom  this  part  are  distributed  only  to  the  olfactory  region  of 
the  nasal  passages.  In  this  region  ordinary  sensibility  is  but  slightly 
developed,  while  the  parts  are  highly  endowed  with  the  sense  of  smell. 

II.  In  such  of  the  lower  animals  as  possess  a more  acute  sense  of 
smell  than  man,  like  the  dog,  the  cat,  the  sheep,  and  other  quadrupeds, 
the  olfactory  bulbs  are  increased  in  proportion,  forming  prominent 
masses  at  the  anterior  extremity  of  the  hemispheres ; while  the  parts 
representing  the  olfactory  nerves  are  of  so  large  a size  that  they  are 
generally  designated  by  the  name  of  the  “ olfactory  lobes.”  They  also 
contain  a central  tubular  cavity,  which  is  a prolongation  from  that  of 
the  lateral  ventricles.  There  is  accordingly  a direct  correspondence 
between  their  development  and  that  of  the  special  sense  with  which 
they  are  connected. 

III.  A considerable  number  of  cases  are  quoted  by  Longet  in  which 
congenital  absence  of  the  olfactory  nerves,  in  man,  was  accompanied  by 
congenital  incapacity  to  distinguish  odors ; and  others  in  which  a loss 
of  the  sense  of  smell  was  also  observed  after  morbid  affections  causing 
compression  or  destruction  of  these  nerves. 

According  to  the  experiments  of  Magendie  upon  dogs,1  the  olfactory 
Den  es  are  not  sensitive  to  mechanical  irritation,  since  their  compres- 
sion, puncture,  or  laceration  in  various  directions,  in  the  living  animal, 
causes  no  perceptible  indications  of  sensibility. 

Finally,  experimental  division  or  destruction  of  these  nerves  in  dogs 
abolishes,  so  far  as  observation  can  show,  the  power  of  discriminating 
ocois,  although  it  leaves  the  nasal  mucous  membrane  sensitive  to  the 
irritation  of  pungent  or  caustic  vapors.  In  the  experiments  of  Magendie, 
a c og,  aftei  destruction  of  both  olfactory  nerves,  would  disentangle  a 
pac  -age  containing  meat  when  openly  presented  to  him ; but  he  did 
not  find  it,  when  placed  near  by  without  his  knowledge.  The  same 
icmi  t was  obtained  by  Vulpian2  in  operating  upon  hunting  dogs. 

icse  animals,  after  recovering  from  the  immediate  effects  of  the 
operation,  were  kept  fasting  from  3G  to  48  hours,  and  then  introduced 

iv.  pJ17t>nal  ^ Physiologie  Exp6rimentale  et  Pathologique.  Paris,  1825,  tome 

Lemons  sur  la  Physiologie  du  Systeme  Nerveux.  Paris,  1866,  p.  882.  • 
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into  an  apartment  where  a piece  of  cooked  meat  was  concealed;  but 
they  were  never  able  to  discover  it  by  its  odor,  when  the  division  of 
the  nerves  had  been  complete.  Notwithstanding,  therefore,  the  com- 
parative difficulty  of  experimenting  upon  so  obscure  a function  as  i that 
of  smell,  there  is  no  doubt  that  the  olfactory  nerves  and  bulbs  are  really 
the  internal  organs  of  the  olfactory  sense,  and  that  they  are  disconneete 
both  with  ordinary  sensibility,  and  the  power  of  motion. 

Second  Pair.  The  Optic  Nerves. 

The  optic  nerves  take  their  first  origin  from  the  anterior  pair  of  the 
tubercula  quadrigemina , two  small  rounded  prominences , on  each  s^e 
of  the  median  line,  situated  just  behind  the  posterior  extremity of  the 
optic  thalami.  They  consist  essentially  of  swellings  of  t g y ■ 
stance  which  surrounds  at  this  situation  the  aqueduct  of  Sylvius,  and 
which  is  consequently  continuous  with  that  extending  forward  rom  the 
floor  of  the  fourth  ventricle.  Their  surface  is  covered  by  a layer  at 

white  substance  from  1.5  to  4 millimetres  in 

nerve  fibres  which  have  mainly  a transverse  direction,  Ihci  g o 

stance  contains  nerve  cells,  some  of  which  are  small  and  rounded,  while 

others  especially  in  the  anterior  pair,  are  of  larger  size  and  provided 

w‘  th  tached  prolongations.  According  to  Henle,  the  fibres  of  origm 

of  the  optic  nerve  pass  from  these  bodies  outward  and  downwaid  to 

corpus  gcnicidatum  internum,  an  ovoidal  prominence  of  g'«y  matt 

oZhed  to  the  posterior  border  of  the  optic  thalamus.  They  cove,  the 

"of  thU  body  i"  a thin  superficial  layer, 

winding  round  the  lateral  surface  of  the  cius  ceiebn , 

joined°at  an  acute  angle  by  a second  bundle  of  t|°'jast, 

parC  t,:"ZC  thalamus,  buOsoMed 

E 

Pi  its  “ nuclei,”  or  the  nervous  centres  with  which  it  is  n 
anatomical ' communication.  It  also  receives  some  fibres  from  the  s„  - 

6t  Th°:  “films  deZ“rm,8thesf  sources  form  a fiattened  band  which 
couth,  ues  its  course  in  a spiral  direction,  winding 

so-called  “ ehiasma,"  or  decussate...  “ 8 5 » ,Ue  optic  f„r0. 

i fm- ward  leave  the  cavity  of  the  cianium  o>  me  «i  _ 

tract.” 
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Real  Origin  of  the  Optic  Nerves. — The  fibres  of  the  optic  nerves,  in 
man,  as  shown  by  the  above  description,  cannot  all  be  distinctly  traced 
in  a direct  manner  to  the  tubereula  quadrigemina ; but  those  of  one 
root  are  evidently  connected  with  the  corpus  geniculatum  externum, 
while  those  of  the  other  pass  to  the  corpus  geniculatum  internum,  and 
through  the  intervention  of  that  body  alone  reach  the  anterior  quadri- 
geminal tubei'cule.  And  yet  the  data  derived  from  comparative  anatomy, 
as  well  as  the  results  of  experiments  upon  the  tubereula  quadrigemina, 
show  that  in  the  lower  animals  these  bodies  are  the  real  sources  of  the 
optic  nerves.  In  all  the  mammalian  quadrupeds  the  optic  nerves  are 
readily  seen  to  have  their  direct  origin  in  the  tubereula  quadrigemina. 

In  the  birds,  reptiles,  and  fish  these  bodies  are  divided  only  into  two 
symmetrical  prominences  by  a shallow,  longitudinal,  median  furrow; 
and  in  these  classes,  accordingly,  they  are  called  the  “ tubereula  bigem- 
ma.” But  they  are  of  comparatively  larger  size  than  in  the  mammalians, 
and  give  origin  still  more  distinctly  to  the  optic  nerves.  Furthermore, 
their  destruction,  as  shown  by  the  united  testimony  of  all  observers, 
produces  at  once  a loss  of  sight,  although  the  remaining  parts  of  the 
brain  be  left  uninjured;  while  it  is  certain,  on  the  other  hand,  that 
both  the  hemispheres  and  the  optic  thalami  may  be  removed  without 
destro3’ing  sensibility  to  light.  Even  in  man,  according  to  the  obser- 
vations of  Vulpian,  the  optic  thalami  may  be  the  seat  of  extensive 
lesions,  from  hemorrhage  or  softening,  without  any  sensible  disturb- 
ance of  the  power  of  vision. 

The  apparent  variation  in  man  from  the  general  type,  in  respect  to 
the  origin  of  the  optic  nerves,  is  most  readily  explained  by  the  variation 
in  the  comparative  size  of  the  tubereula  quadrigemina  afid  the  optic 
thalami.  In  the  inferior  vertebrate  animals,  namely,  fish  and  reptiles, 
the  tubereula  quadrigemina  or  their  representatives  are  very  large,  and 
the  optic  thalami  are  either  wanting  or  so  slightly  developed  as  to  make 
their  significance  uncertain.  In  birds  the  optic  thalami  are  present,  but 
are  still  inferior  in  size  to  the  tubereula  bigemina.  In  mammalians 
they  increase  in  size  in  the  ascending  series,  but  the  tubereula  quadri- 
gemina are  still,  in  such  animals  as  the  dog  and  cat,  comparatively  con- 
spicuous, and,  throughout  this  class,  consist  of  four  tubercles  instead 
of  two.  In  man  the  optic  thalami  are  very  much  larger  than  the  tuber- 
cula  quadrigemina,  which  are  reduced  altogether  to  a secondary  grade. 

Ihe  corpora  geniculata  probably  represent  in  man  portions  of  gray 
substance  included,  in  the  lower  animals,  in  the  tubereula  quadrigemina 
or  bigemina ; but  which  in  the  human  brain  are  crowded  outward  and 
backward  by  the  increased  development  of  the  optic  thalami,  and  there- 
fore appear  as  appendages  of  these  bodies. 

Physiological  Properties  of  the  Optic  Nerves. — The  optic  nerves,  **“ 
like  the  olfactory,  are  nerves  of  special  sense,  and  may  be  regarded  as 
tracts  of  fibres  connecting  the  gray  matter  of  the  cerebrum  with  the  ‘ 
retinal  expansion  of  the  globe  of  the  eye.  They  are  destitute  of  sensi- 
bility to  tactile  or  painful  impressions,  and  convey  from  without  inward 
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only  the  impression  produced  upon  the  retina  by  luminous  rays.  In 
the  central  parts  of  the  brain  with  which  they  are  connected,  this  im- 
pression becomes  the  sensation  of  light;  and  the  optic  nerves  aie  there- 
fore the  channels  for  the  sense  of  vision.  Magendie  found  that  in 
quadrupeds  both  the  retina  and  the  optic  nerves  throughout  their 
length  were  insensible  to  mechanical  irritation;  and,  in  man,  that  toucli- 
ing'the  retina  with  the  point  of  a cataract  needle  excited  no  perceptible 
sensatiou.  It  has  also  been  remarked,  in  cases  of  extirpation  of  the 
eyeball,  that  the  section  of  the  optic  nerve  is  not  a painful  part  of  the 
operation;  and,  according  to  the  observations  of  Longet  upon  animals, 
these  nerves  may  be  pinched,  pricked,  cauterized,  divided,  or  injured  in 
various  ways  without  producing  any  signs  of  pain. 

On  the  other  hand,  division  of  these  nerves  at  once  produces  a state 
of  blindness.  The  impressions  received  by  the  retina  are  no  longei 
transmitted  to  the  central  organ,  and  the  animal  becomes  insensible  to 
light,  without  losing  any  of  his  ordinary  tactile  sensibility  or  power  of 


voluntary  motion.  . 

Beside  their  immediate  function  in  the  perception  of  light,  the  optic 
nerves  are  also  channels  for  a special  reflex  action,  connected  with  the 
mechanism  of  vision;  namely,  that  of  the  contractile  movements  of  the 
iris  By  these  movements  the  orifice  of  the  pupil  enlarges  or  diminishes 
according  to  the  intensity  of  the  light  to  which  the  eye  is  exposed  On 
first  entering  a dark  room  everything  is  nearly  invisible;  but  gradually, 
as  the  pupil  dilates  and  as  more  light  is  admitted,  objects  show  them- 
selves with  greater  distinctness,  and  at  last  we  can  see  tolerably  we 
where  it  was  at  first  almost  impossible  to  perceive  a single  object.  On 
the  other  hand,  when  the  eye  is  exposed  to  a brilliant  light,  the  pupil 
contracts  and  shuts  out  so  much  of  it  as  would  be  injurious  to  the  retina. 

These  movements,  by  which  the  quantity  of  light  admitted  to  the  eje 
is  regulated  to  suit  the  sensibility  of  the  retina,  are  involuntary  in  cha- 
racter, but  are  due  to  impressions  conveyed  inward  by  the  optic  nerve 
On  the  division  of  these  nerves,  or  the  destruction  of  the  tubeicula 
.quadrigemina,  not  only  is  the  perception  of  light  abolished  but  the  pupi 
remains  immovable,  whatever  may  be  the  intensity  of  the  light  to  wh  ch 
ItTs  exposed.  In  the  production  of  this  reflex  act,  the  impression,  which 
is  first  received  upon  the  retina,  passes  inward  through  the  fibres  oft  le 
optic  nerve  to  the  tubercula  quadrigemina.  Its  transformation  into  a 
motor  impulse  is  either  accomplished  in  these  bodies,  or  is  commenced 
in  them  and  completed  by  transmission  to  the  gray  matter  a he  origin 
of  the  oculomotorius  nerves.  Thus  both  the  optic  nerves  and  the  tuber 
cula  quadrio-emina  are  essential  to  the  movements  of  the  pupil  under  tli . 
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only  with  the  brain,  readily  causes  a movement  of  contraction.  On  the 
other  hand,  division  of  the  oculomotorius  nerve,  which  paralyzes  the 
iris,  puts  an  end  to  the  movements  of  the  pupil,  although  the  eye  may  be 
otherwise  uninjured  and  the  perception  of  light  unimpaired. 

Decussation  of  the  Optic  Nerves. — The  decussation  of  these  nerves 
forms  one  of  their  most  prominent  anatomical  features,  being  in  all  cases 
readily  visible  on  superficial  examination,  while  in  many  classes  of  the 
lower  animals  and  in  man  it  presents,  on  closer  inspection,  certain  marked 
varieties  of  detail.  In  fish,  as  a general  rule  (Fig.  170),  the  two  optic 
nei\es  cioss  each  other’s  path  from  side  to  side  at  different  levels,  with- 
out any  admixture  or  even  contact  of  their  fibres ; that  from  the  right  side 
of  the  brain  passing  independently  to  the  left  eye,  and  that  from  the  left 
side  of  the  brain  to  the  right  eye.  In  the  herring,  according  to  Wagner, 
the  optic  nerve  of  the  right  eye  perforates  that  of  the  left,  passing  bodily 
tlnough  it  by  a distinct  slit,  without  forming  a chiasma.  In  the  sharks 
and  rays,  which  have  a higher  general  grade  of  organization  than  other 
fish,  the  fibres  of  the  two  nerves  cross  each  other  in  separate  fasciculi. 


Fig.  170. 


Inferior  Surface  of  the  Brain 
of  the  Cod.— 1.  Optic  nerve  of  right  eye 
2.  Optic  nerve  of  left  eye.  3.  Right  optic 
tubercle.  4.  Left  optic  tubercle.  5,  6.  Cere- 
bral  hemispheres.  7.  Medulla  oblongata. 


Fig.  171. 


Inferior  Surface  of  the  Brain 
of  Fowl. — 1.  Optic  nerve  of  right  eye.  2. 
Optic  nerve  of  left  eye.  3.  Right  optic 
tubercle.  4.  Reft  optic  tubercle.  5,  0.  Cere- 
bral hemispheres.  7.  Medulla  oblongata. 


In  birds  the  two  optic  nerves  appear  externally  to  be  united  at  their 
poin  o crossing  (Fig.  171),  but  dissection  shows  that  the  decussation 
of  their  fibres  is  complete.  Those  coming  from  the  left  side  pass,  in 
f ® of,  slender  bundles,  altogether  over  to  the  right,  and  those 
m the  right  side  pass  in  the  same  manner  over  to  the  left ; so  that  in 

ns  class  each  optic  tubercle  is  connected  exclusively  with  the  eye  of 
the  opposite  side.  J 

In  man  the  decussation  is  more  complicated,  and  is  arranged  in  such 
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a manner  as  to  form  a connection  at  the  same  time  between  the  two 
opposite  sides,  and  between  the  eye  and  the  quadrigeminal  tubercle  on 
the  same  side.  Here  also  the  apparent  majority  of  the  fibres  cross  eac 
other  completely  from  side  to  side,  though  intermingled  at  the  chiasma 
in  such  slender  bundles  that  they  are  distinguishable  only  by  microscopic 
examination.  But  at  each  side  of  the  chiasma  there  is  also  a lajer  ot 
fibres,  which,  according  to  Henle,  hardly  exceeds  one-twentieth  ol  a 


U 


o 

cd 

1 — 
CO 
LU 

CD 

Q 

LU 

LU 

_J 


>- 


LU 

O 

o 

CO 

—1 

CD 

E3 

cxi 

CD 

cc 

Zu 

CD 

CD 

CD 

CD 

UJ 


Course  of 


Fig.  172. 


HE  OPTIC  nerves  in  Mas. -1,8.  Right  ana  leu  eyeu^s. 
of  the  optic  nerves.  4,4.  Tubereula  quadngemina. 


3.  Decussation 


millimetre  in  thickness,  passing  continuously  nlong  iu .outer 

IrltafoTaetute1 LTneeta  general,  do  not  keep  the 

c m;tn  reach  the  under  surface  of  the  optic  nerve  in  front  It 
chiasma  to . ie«? r “ ' ™ parts  of  the  retina  the  two  sets  of  fibres  on 
not  known  m what  1 ■ ^ and  the  direct,find  their  termination. 

eatt\te7nterior  ancle  ot  the  chiasma  there  are  also  fibres  which  pass 
At  the  a tuo  , direction,  running  symmetrically  across 

from  side  to  side  in  and  forming  a transverse  commissural 

from  one  optic  nene  to  ’ and  finally  at  the  posterior 

""I1  b' “flhTcSL^Xre  are  similar  Averse  commissural  fibres, 

forward 

“oS:  "r  “e.  „ co„„ectio„ 
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between  the  two  eyes  and  their  nervous  centres,  namely,  1st,  that  be- 
tween each  nervous  centre  and  the  opposite  eye ; 2d,  that  between  each 
nervous  centre  and  the  corresponding  eye;  3d,  that  between  the  two 
eyes  by  the  anterior  transverse  commissure;  and  4th,  that  between  the 
two  nervous  centres  by  the  posterior  transverse  commissure. 

The  physiological  significance  of  this  compound  decussation  is  not 
clearly  understood.  When  compared  as  it  presents  itself  in  different 
classes  of  animals,  it  appears  to  be  connected  with  the  degree  of  diver- 
gence or  parallelism  between  the  visual  axes  of  the  two  eves.  Thus  in 
fish,  where  the  ejrns  are  so  placed  on  opposite  sides  of  the  head  that 
their  axes  cannot  be  brought  into  parallelism  with  each  other,  the  optic 
nerves  cross  from  side  to  side  as  distinct  cords  going  to  the  opposite 
eyes.  In  birds,  where  the  eyes  have  nearly  the  same  relative  position  as 
in  fish,  the  decussation  is  also  complete,  though  less  evident  externally. 
In  quadrupeds  as  a class,  the  eyes  are  set  more  obliquely  forward,  while 
in  man  they  are  situated  completely  at  the  front,  so  that  their  visual 
axes  are  both  directed  forward,  and  parallel  with  each  other,  or  may 
even  converge,  and  the  two  eyes  can  thus  be  brought  to  bear  at  the  same 
time  upon  near  objects.  The  quadruple  communication  which  exists  in 
man  is,  therefore,  usually  regarded  as  connected  in  some,  way  with  the 
capacity  for  distinct  and  single  vision  with  the  simultaneous  use  of 
both  eyes.  Cases,  however,  like  that  related  by  Vesalius,'  in  which  the 
decussation  was  wanting,  each  optic  nerve  going  independently  to  the 
eye  of  its  own  side,  without  any  noticeable  defect  of  vision,  show  that 
such  a communication  is  not  directly  or  absolutely  necessary,  even  in 
man,  to  distinct  vision  of  single  objects.  It  more  probably  serves  in  an 
indirect  manner,  by  reflex  action,  to  facilitate  the  harmonious  muscular 
control  of  the  two  eyeballs,  by  which  the  corresponding  parts  of  the 
retina  on  the  two  sides  receive  the  visual  rays  coming  from  a single 
object. 

Crossed  Action  of  the  Optic  Nerves. — The  results  of  observation 
show  that  the  action  of  the  optic  nerves,  as  channels  for  the  sense  of 
sight,  is  mainly  a crossed  action.  The  experiments  of  Flourens,  Longet, 
and  Vulpian  coincide  in  this  respect;  and  in  regard  to  birds  the  fact  is 
easily  established.  If  in  the  pigeon,  as  we  have  frequently  observed, 
the  right  optic  tubercle  alone  be  removed,  when  the  bird  has  recovered 
from  the  immediate  effects  of  the  wound,  the  sight  is  to  all  appearance 
completely  lost  in  the  eye  of  the  opposite  side,  but  remains  unimpaired 
in  the  eye  of  the  same  side.  After  such  an  operation  an  instrument 
may  be  carefully  brought  in  close  proximity  to  the  left  e}^,  without 
producing  any  sign  of  its  perception  ; but  the  instant  it  is  moved  a little 
in  front,  so  as  to  come  within  the  range  of  the  right  eye,  the  animal 
starts  backward  to  avoid  it.  Flourens  obtained  similar  results  in  the 
dog  and  rat,  leading  to  the  conclusion,  which  agrees  with  that  of  Longet, 
that  in  quadrupeds  also  visual  impressions  are  transmitted  by  the  optic 
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nerves  entirely  in  a crossed  direction.  There  is  no  question  that  these 
animals  after  destruction  of  the  tubcrcula  quadrigemina  on  one  side  are 
mainly  blinded  in  the  opposite  eye,  since  they  use  exclusively  the  eye 
of  the  wounded  side  to  guide  them  in  their  motions. 

In  man,  the  partial  blindness  of  both  eyes,  sometimes  observed  in 
cases  of  hemiplegia,  makes  it  probable  that  the  transmission  of  sight 
takes  place  by  both  the  crossed  and  direct  fibres  of  the  optic  tracts. 

The  reflex  influence  which  causes  contraction  of  the  pupil  is  also 
transmitted,  in  the  lower  animals,  in  a crossed  direction ; that  is,  the 
stimulus  of  light  falling  upon  the  retina  of  one  eye  passes  to  the  optic 
tubercle  of  the  opposite  side.  But  here,  owing  to  the  transverse  con- 
nections between  the  central  parts  of  the  brain,  the  stimulus  becomes 
duplicated,  and  contractions  are  produced  in  the  pupils  of  both  eyes 
simultaneously.  This  is  because,  although  the  sensitive  impression  is 
conveyed  inward  to  the  nervous  centres  by  one  optic  nerve  only,  when 
transformed  into  a motor  impulse  it  may  be  sent  outward  by  bot 
oculomotorius  nerves  at  the  same  time.  Consequently  if,  in  a pigeon, 
one  eye  be  blinded  by  removal  of  the  opposite  optic  tubercle,  both  pupils 
will  still  contract  under  the  stimulus  of  light  applied  to  the  sound  eye. 
In  examining  one  eye,  therefore,  either  in  animals  or  in  man,  to  ascer- 
tain whether  or  not  its  retina  be  sensitive  to  light,  the  opposite  eje 
should  always  be  covered,  in  order  to  prevent  its  exciting  a movement 

by  reflex  action. 


Third  Pair.  The  Oculomotorius. 

The  oculomotorius  nerve,  so  called  because  it  supplies  four  out  of  six 
of  the  muscles  moving  the  eyeball,  originates  from  a collection  of  gray 
substance  situated  next  the  median  line,  beneath  the  tubercula  quacn- 
o-emina  and  the  aqueduct  of  Sylvius.  As  this  group  of  nerve  cells  is 
continuous  with  that  which  gives  origin  to  the  fourth  nerve  oiP‘ 
ticus  it  is  sometimes  designated  as  the  common  nucleus  of  the  oculo 
TZrll  and  patkelicus  nerves.  From  this  nucleus  the  fibres  of  the 
oculomotorius  nerve  pass  downward  and  forward,  through  the  “ubston 
of  the  crus  cerebri,  until  they  emerge,  in  the  form  of  several  flattened 
bundles  from  its  inner  border,  a little  in  front  of  the  anterior  edge  o 
the  lion’s  Yarolii.  From  this  point,  the  apparent  origin  of  the  neiv  , 
hs  fibres  unite  into  a rounded  cord,  which  runs  forward  and  outward, 
to  penetrate  the  cavity  of  the  orbit  by  the  sphenoidal  fissure.  Duimg 
ils  transit  alone  the  walls  of  the  cavernous  sinus,  it  receives  one  01  two 
fiirn  twins  of  sensitive  fibres  from  the  trigeminus  nerve.  In  entering 
the  orbit  it  divides  into  several  branches,  and  supplies  the  superio  , 
Me, ^ and  internal  straight  muscles  of  the  eyeball,  the  inferior  obhque 
and  the  levator  palpebral  superioris.  The  oculomotorius  is  accmd 
poncerned  both  in  the  vertical  and  lateral  movements  of  the  eyeball,  ai 
LTose  of  rolation;  while  of  the  two  other  muscular  nerves  o f this 
oraan  the  abducens  and  pathetiens,  one  is  connected  only  with 
movement  of  lateral  abduction,  the  other  only  with  that  of  rotation. 
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Decussation  of  the  Oculomotorius  Nerve. — According  to  the  observa- 
tions of  Meynert,  a decussation  takes  place  between  the  oculomotorius 
nucleus  and  the  opposite  side  of  the  brain,  by  means  of  fibres  emerging 
from  the  raphe  upon  the  median  line,  near  which  the  nucleus  is  situated. 
These  fibres  come  originally  from  the  corpus  striatum,  thence  running 
backward  along  the  inner  border  of  the  crura  cerebri,  into  the  longitu- 
dinal lamina  forming  the  raphe  between  them.  Underneath  the  aque- 
duct of  Sylvius  they  decussate  with  each  other  at  acute  angles,  those 
from  the  right  corpus  striatum  passing  to  the  nucleus  of  the  left  side, 
and  vice  versa.  Each  oculomotorius  nerve  is  therefore  in  connection 
with  the  opposite  side  of  the  brain,  not  by  means  of  its  own  fibres,  but 
through  the  intervention  of  its  nucleus  and  the  fibres  which  pass  thence, 
through  the  raphe,  toward  the  opposite  corpus  striatum. 

Physiological  Properties  of  the  Oculomotorius  Nerve. — The  oculomo- 
torius is  in  itself  an  exclusively  motor  nerve,  and  has  been  found  by 
Longet,  when  examined  in  the  living  animal,  near  its  point  of  emergence 
from  the  crus  cerebri,  to  be  insensible  to  mechanical  irritation ; but  at 
some  distance  farther  forward,  after  receiving  its  branches  of  commu- 
nication from  the  fifth  pair,  it  exhibits  a certain  degree  of  sensibility. 
Its  excitability,  on  the  contrary,  is  very  manifest ; and  its  irritation 
within  the  cranial  cavity,  even  after  it  has  been  separated  from  its  con- 
nection with  the  brain,  causes  convulsive  action  in  the  muscles  of  the 
eyeball. 

The  physiological  function  of  this  nerve  is  distinctly  shown  by  the 
nature  of  the  paralysis  following  its  section  either  before  or  after  its 
entrance  into  the  orbit.  These  results  are  for  the  most  part  very  sim- 
ple and  well  marked,  and  are  established  by  the  uniform  testimony  of 
various  observers.  They  consist  of  the  paralysis  of.  the  five  muscles  to 
which  the  nerve  is  distributed,  and  induce,  consequently — 

1.  External  strabismus , from  continued  action  of  the  external  straight 
muscle  of  the  eyeball,  which  is  no  longer  controlled  by  that  of  the 
internal. 

2.  General  immobility  of  the  eyeball , owing  to  the  abolition  of  its 
natural  upward,  downward,  lateral,  and  rotatory  movements.  For 
although  two  of  the  muscles  of  the  eyeball,  namely,  the  external  rectus 
and  the  superior  oblique,  remain  unparalyzed ; yet,  as  they  are  no 
longer  antagonized  by  the  remainder,  they  can  only  produce  a perma- 
nent deviation  of  the  eyeball,  but  no  alternate  movement  in  opposite 
directions.  In  most  of  the  lower  animals  there  is  also  an  unusual 
prominence  of  the  eyeball,  owing  to  the  relaxed  condition  of  the  muscles 
which  serve  for  retraction. 

3.  Drooping  of  the  upper  eyelid.  In  the  ordinary  action  of  opening 
the  eye,  it  is  the  upper  eyelid  alone  which  moves,  being  raised  so  as  to 
uncover  the  cornea  and  pupil,  by  the  contraction  of  the  levator  palpebrse 
superioris.  As  this  muscle  is  animated  by  a nervous  branch  coming 
from  the  oculomotorius,  it  is  paralyzed  by  section  of  this  nerve  at  the 
same  time  witli  the  muscles  moving  the  eyeball.  The  consequence  is 
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that  the  ej'e  can  no  longer  be  opened  to  its  full  extent;  although  it  can 
still  be  closed  as  usual  by  the  action  of  the  orbicularis  oculi,  which 
does  not  depend  upon  the  oculoraotorius,  but  is  animated  by  branches 
derived  from  the  seventh  pair,  or  facial  nerve.  The  superior  eyelid 
therefore  droops,  resting  by  its  own  weight  in  such  a position  as  to 
cover  the  upper  portion  of  the  cornea,  and  the  greater  part  or  even  the 
whole  of  the  pupil.  In  man  this  condition  of  the  eyelid  is  known  as 
ptosis , and  is  one  of  the  consequences  following  paralysis  of  the  oculo- 
motorius  nerve. 

The  influence  of  the  oculomotorius  upon  the  conlraclile  movements  of 
the  iris  is  important,  though  less  distinct  and  uniform  in  its  action,  as 
shown  by  experiment,  than  that  exerted  upon  movements  of  the  eyeball 
itself.  The  connection  of  the  oculomotorius  with  the  muscular  appa- 
ratus of  the  iris  is  not  a direct  one,  but  takes  place  through  the  inter- 
vention of  the  ophthalmic  ganglion,  to  which  this  nerve  sends  a commu- 
nicating motor  branch,  and  which  in  turn  gives  off  the  ciliary  nerves 
destined  for  the  iris.  Some  observers  (Herbert  Mayo,  Longet)  have 
found  well-marked  paralysis  of  the  iris  following  division  of  the  oculomo- 
torius nerve,  and  enumerate,  as  consequences  of  this  injury,  a permanent 
dilatation  and  immobility  of  the  pupil.  In  the  experiments  of  Longet, 
which  were  performed  on  dogs,  rabbits,  and  pigeons,  irritation  of  the 
cephalic  extremity  of  the  optic  nerve  caused  contraction  of  the  pupil  m 
both  eyes  ; but  after  division  of  the  oculomotorius  nerve  the  effect  was 
no  longer  produced  upon  the  operated  side.  Bernard  has  also  found 
that  division  of  the  oculomotorius  is  followed,  m the  rabbit,  by  dilata- 
tion of  the  pupil,  and  that  in  the  operated  eye  the  ins  contracts  only 
very  slowly  and  imperfectly  under  the  influence  of  light.  It  is  not, 
however,  completely  paralyzed,  since  it  may  still  move  with  considera- 
ble promptitude  under  the  influence  of  painful  impressions  conveyed  by 
the  fifth  pair.  The  action  of  the  oculomotorius  upon  the  pupil,  t leie- 
fore,  is  energetic  and  constant  in  the  ordinary  reflex  movement  of  con- 
traction under  the  stimulus  of  light;  but  it  takes  place  through  the 
ophthalmic  ganglion,  to  which  it  communicates,  in  a certain  degiee, 

motive  power. 

Fourth  Pair.  The  Patheticus. 

This  nerve  presents  a variety  of  peculiarities,  which  have  always, 
notwithstanding  its  minute  size,  attracted  to  it  more  or  less  specie 
attention.  It  is  distributed  exclusively  to  the  superior  oblique  muscle 
Of  the  eyeball;  its  name  having  been  derived  from  the  mrsWten  dea 

that  this  muscle  turned  the  eye  upward  and  inwart . '«  nearly 

muscles,  however,  have  been  fully  shown  to  cause  m the  ey eball la nea  , 
simple  movement  of  rotation  about  its  long,  udmdrms.  Ihey 
antagonistic  to  each  other;  and  by  then-  contraetmn  and  rfaxahm, 
dnrino-  movements  of  inclination  of  the  head  from  side  to  side,  they 
tinmin  the  horizontal  planes  of  the  two .eyeballs  in  the  same  pos*om 
If  this  parallelism  were  not  preserved,  objects  would  appear  to  stand 
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different  degrees  of  obliquity  to  the  two  eyes,  producing  uncertainty 
and  double  vision. 

The  apparent  origin  of  the  patheticus  nerve  is  directly  behind  the 
tubercula  quadrigemina,  on  the  upper  surface  of  the  valve  of  Vieussens , 
a thin  lamina  of  white  substance,  extending  from  this  situation  back- 
ward to  the  cerebellum,  and  thus  covering  in  the  anterior  part  of  the 
fourth  ventricle.  The  fibres  of  the  nerve,  however,  can  be  traced  from 
without  inward  in  a transverse  direction  through  the  substance  of  the 
valve.  According  to  Henle  and  Meynert,  a great  part  of  these  fibres 
cross  the  median  line,  decussating  with  those  coming  in  the  opposite 
direction  from  the  corresponding  nerve  on  the  other  side;  then,  turning 
downward  and  forward,  they  reach  a collection  of  gray  matter  seated 
just  behind  the  nucleus  of  the  oculomotorius  nerve,  and  continuous 
with  it  anteriorly.  According  to  Henle,  a portion  of  the  fibres  also 
remain  upon  the  same  side  of  the  median  line,  and  terminate,  without 
crossing,  in  this  and  another  nucleus  not  far  distant.  The  collection 
of  gray  matter  just  described  is,  however,  regarded  as  the  main  nucleus 
or  point  of  origin  for  the  fibres  of  the  patheticus  nerve.  This  nucleus 
is  situated  beneath  the  aqueduct  of  Sylvius,  near  the  median  lin£,  and 
at  a situation  corresponding  with  the  anterior  tubercula  quadrigemina  ; 
while  the  point  of  exit  of  the  nerve  is  above  the  aqueduct  of  Sylvius 
and  behind  the  posterior  tubercula  quadrigemina.  Its  fibres,  accord- 
ingly, after  leaving  the  gray  matter  in  which  they  originate,  encircle 
the  lateral  walls  of  the  aqueduct,  running  obliquely  upward  and  back- 
ward, and  then,  curving  inward,  cross  the  median  line  to  their  point  of 
emergence  on  the  opposite  side. 

From  this  point  the  nerve  passes  forward,  as  a slender,  rounded  fila- 
ment, not  more  than  one  millimetre  in  diameter,  but  containing,  accord- 
ing to  the  estimate  of  Rosenthal,  about  1100  ultimate  nerve  fibres.  It 
passes  along  the  upper  wall  of  the  caveimous  sinus,  where  it  lies  in 
immediate  proximity  to  the  oculomotorius;  and  thence,  entering  the 
cavity  of  the  orbit  by  the  sphenoidal  fissure,  terminates  in  the  sub- 
stance of  the  superior  oblique  muscle  of  the  eyeball. 

The  course  of  the  fibres  of  the  oculomotorius  and  patheticus,  when 
compared  with  each  other,  shows  a remarkable  relation  between  two 
nerves  which  are  apparently  distinct.  The  fibres  of  both  originate  from 
adjacent  portions  of  the  same  nucleus,  situated  in  the  thickness  of  the 
crus  cerebri.  Those  of  the  oculomotorius  pass  downward  and  forward, 
to  emerge  from  the  inner  free  border  of  the  crus,  at  the  base  of  the 
brain ; while  those  of  the  patheticus  pass  upward  and  backward,  to 
emerge  from  the  upper  and  posterior  part  of  the  cerebro-spinal  axis, 
between  the  cerebrum  and  cerebellum.  But  the  two  nerves  afterward 
pass  side  by  side,  in  their  passage  toward  the  orbit,  and  are  finally  dis- 
tributed to  muscles  which  are  associated  in  the  accomplishment  of  the 
same  movements. 

Physiological  Properties  of  the  Patheticus  Nerve The  anatomical 

distribution  of  this  nerve  to  a muscle  which  receives  filaments  from  no 
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other  source  indicate  in  great  measure  its  motor  character,  'which  is 
furthermore  fully  established  by  the  results  ol  observation.  Both  the 
experiments  of  Chauveau  on  the  horse  and  rabbit,  and  those  of  Longet 
on  the  horse,  ox,  and  dog,  show  that  galvanization  of  this  neive  in 
the  interior  of  the  cranium  produces  always  contraction  of  the  supe- 
rior oblique  muscle  of  the  eyeball,  with  rotation  of  the  eyeball  on  its 
longitudinal  axis  from  without  inward  ; and  in  those  of  Longet  theie 
was  also  a perceptible  deviation  of  the  pupil  outward.  In  cases  quoted 
by  Longet,  in  the  human  subject,  attributed  to  paralysis  of  this  ner\  e, 
there  was  incapacity  of  rotation  of  the  eyeball  on  the  affected  side,  and 
consequently  double  vision,  the  image  perceived  by  the  affected  eye  being 
oblique  and  inferior  in  regard  to  the  other ; but  these  disturbances  ol 
vision  disappeared  when  the  head  was  inclined  toward  the  opposite 

side.  . 

The  patheticus  is,  accordingly,  the  motor  nerve  of  the  superior  ob- 
lique muscle,  and  acts  in  harmony  with  the  oculomotonus  to  preserve 
the  horizontal  plane  of  the  eyeball. 


Fifth  Pair.  The  Trigeminus. 

The  fifth  pair  occupies,  in  every  respect,  a prominent  place  among 
the  cranial  nerves.  It  is  the  great  sensitive  nerve  of  the  face,  being 
the  only  source  of  general  sensibility  for  the  integument  and  mucous 
membranes  of  this  region ; and,  by  communicating  branches  sent  to 
the  corresponding  motor  nerves,  it  also  provides  for  the  imperfect 
degree  of  sensibility  belonging  to  the  facial  muscles.  While  m its  mam 
portion,  however,  it  is  thus  pre-eminently  a sensitive  nerve,  it  also  pos- 
sesses motor  fibres,  derived  from  a distinct  root,  and  distributed  to 
muscles  of  a distinct  group.  Before  emerging  from  the  cranial  cavity 
it  separates  into  three  main  divisions,  destined  for  the  corresponding 
regions  of  the  face;  and  its  name,  trigeminus,  is  derived  from  the  fact 
that  these  three  primary  divisions  of  the  nerve  are  nearly  alike  m size 

and  importance.  , , , . f 

The  apparent  origin  of  the  fifth  nerve  is  from  the  lateral  portion  of 

the  pons  Yarolii,  where  its  two  roots  emerge  in  close  approximation 
to  each  other,  but  usually  separated  by  a narrow  band  of  the  trans- 
verse fibres  of  the  pons.  The  anterior  or  motor  root  is  the  smaller, 
being  about  two  millimetres  in  diameter;  the  posterior  or  sensitive  root 
is  the  larger,  and  having  a diameter  of  about  five  millimetres 
these  roots  may  be  traced,  through  the  fibrous  bundles  of  the  pons 
Yarolii,  backward,  upward,  and  inward  toward  the  gray  substance  be- 
neath the  floor  of  the  anterior  part  of  the  fourth  vent.ic  . 
roots,  which  remain  distinctly  separated  throughout  most  of  their  pou 
Sao-e  through  the  pons,  join  each  other  above  and  become  closely  entan- 
gled by  the  interweaving  of  their  bundles;  though  their  fibres  may  stiU 
be  distinguished,  on  microscopic  examination,  by  t m genera  3 S 
«i7e  of  those  belonging  to  the  motor  root.  They  finally  reach  a collec- 
£ of  gray  matter”  the  “ nucleus  of  the  fifth  nerve,"  which  is  seated 
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nest  behind  that  of  the  oculomotorius  and  patheticus,  but  farther  out- 
ward from  the  median  line,  occupying  the  extreme  lateral  part  of  the 
fourth  ventricle,  where  its  floor  forms  an  angle  with  the  roof.  The 
fibres  of  the  nerve  terminate  partly  in  or  among  the  large,  stellate,  and 
dark-colored  cells  of  the  nucleus.  According  to  Henle,  a portion  of 
them  also  pass  through  the  nucleus,  nearly  to  the  surface  of  the  floor 
of  the  ventricle,  and  thence  inward  to  the  raphe  at  the  median  line, 
where  they  cross  to  the  opposite  side ; while  another  portion  still,  re- 
maining upon  the  same  side,  pass  upward  with  the  superior  peduncles 
of  the  cerebellum,  and  lose  themselves  in  the  substance  of  the  tubercula 
quadrigemina.  The  fibres  of  the  fifth  nerve,  accordingly,  which  termi- 
nate in  the  nucleus  proper,  form  partly  a direct,  and  partly  a crossed 
connection  between  the  external  organs  and  the  nervous  centres. 


Fig.  173. 


Transverse  Section  of  the  Floor  of  the  Fourth  Ventricle,  at  the 
situation  of  the  nucleus  of  the  Trigeminus  Nerve;  Human  brain.— Nt,  Nt',  median  and 
lateral  portions  of  the  nucleus.  V'.  Fibres  of  the  nerve  root.  Magnified  8 diameters. 
(Henle.) 


After  emerging  from  the  pons  Yarolii,  the  two  roots  of  the  fifth  nerve 
pass  outward  and  forward  in  company  with  each  other,  the  larger,  pos- 
terior, or  sensitive  root  being  placed  above,  the  smaller,  anterior,  or 
motor  root  underneath.  On  reaching  the  apex  of  the  petrous  portion 
of  the  temporal  bone,  a little  outside  and  behind  the  posterior  clinoid 
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processes  of  the  sella  turcica,  the  fibres  of  the  sensitive  root  spread  out 
into  a comparntively  loose  network  of  inosculating  bundles,  and  pass 
into  and  through  the  substance  of  the  Gasserian  ganglion.  This  gan- 
glion forms  a flattened,  crescentic  mass  of  gray  matter,  mingled  with 


Fig.  174. 


IiAOEAM  of  THE  Fifth  Nerve  and  its  Dibtrii!ution—1.  Sensitive  root. 
2.  Motor  root.  3.  Gasserian  ganglion.  I.  Ophthalmic  division.  II.  Superior  maxillary 
division.  III.  Inferior  maxillary  division,  i Supra-orhital  nerve,  distributed  to  the  skin 
of  the  forehead,  inner  angle  of  the  eye,  and  root  of  the  nose.  5.  Infra-orbital  nerve;  to  the 
skin  of  the  lower  eyelid,  side  of  the  nose,  and  skin  and  mucous  membrane  of  the  upper  lip. 
6.  Mental  nerve;  to  the  integument  of  the  chin  and  edge  of  the  lower  jaw,  and  skin  and 
mucous  membrane  of  the  lower  lip.  n,  n.  External  terminations  of  the  nasal  branch  of  the 
ophthalmic  division  , to  the  mucous  membrane  of  the  inner  part  of  the  eye  and  the  nasal 
passages,  and  to  the  base,  tip,  and  wing  of  the  nose.  1.  Temporal  branch  of  the  superior 
maxillary  division;  to  the  skin  of  the  temporal  region,  m.  Malar  branch  of  the  superior 
maxillary  division;  to  the  skin  of  the  cheek  and  neighboring  parts,  b.  Buccinator  branch 
of  the  inferior  maxillary  division  ; passing  along  the  surface  of  the  buccinator  muscle,  and 
distributed  to  the  mucous  membrane  of  the  cheek,  and  to  the  mucous  membrane  and  skin 
of  the  lips.  2.  Lingual  nerve;  to  the  mucous  membrane  of  the  anterior  two-thirds  of  the 
tongue  at.  Auriculo-temporal  branch  of  the  inferior  maxillary  division  ; to  the  skin  of  the 
anterior  part  of  the  external  ear  and  adjacent  temporal  region,  x,  x,  x.  Muscular  branches; 
to  the  temporal,  masseter,  and  internal  and  external  pterygoid  muscles,  y.  Muscular  branch ; 
to  the  mylo-hyoid  and  anterior  belly  of  the  digastric  muscles.  /.  Sensitive  branch  of  com- 
munication to  the  facial  nerve. 


the  fibres  derived  from  the  sensitive  root.  According  to  the  observa- 
tions of  Kolliker,  the  fibres  of  the  sensitive  root  simply  pass  through 
the  gray  matter  of  the  ganglion,  making  no  anatomical  connection  with 
its  nerve  cells ; while  the  ganglion  cells,  which  are  mostly  unipolar  in 
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form,  give  off  additional  fibres  in  a peripheral  direction.  Thus  the 
branches  of  the  fifth  nerve  beyond  the  ganglion  contain,  beside  the  fibres 
derived  from  its  sensitive  root,  others  which  have  originated  from  the 
ganglion  itself.  The  motor  root  passes  underneath  the  ganglion  as  a 
distinct  bundle,  and  neither  gives  to  nor  receives  from  it  any  nerve 
fibres.  At  the  anterior  or  convex  border  of  the  Gasserian  ganglion,  the 
nerve  separates  into  three  nearly  equal  cylindrical  bundles,  namely,  the 
first,  or  ophthalmic;  the  second,  or  superior  maxillary;  and  the  third, 
or  inferior  maxillary  divisions  of  the  fifth  nerve. 

The  ophthalmic  division  passes  forward  through  the  sphenoidal  fis- 
sure into  the  orbit  of  the  eye,  where  it  gives  filaments  to  the  ophthalmic 
ganglion  and  to  the  eyeball;  a nasal  branch  which  supplies  the  integu- 
ment and  mucous  membrane  of  the  inner  part  of  the  eye,  the  mucous 
membrane  of  the  middle  and  inferior  nasal  passages,  and  the  integument 
of  the  root,  wing,  and  tip  of  the  nose;  and  a branch  to  the  lachrymal 
gland  and  the  integument  of  the  upper  eyelid  and  adjacent  region.  It 
then  emerges  from  the  cavity  of  the  orbit  by  the  supra-orbital  notch, 
and  is  distributed  to  the  skin  of  the  forehead  and  side  of  the  head,  as 
far  back  as  the  vertex. 

The  superior  maxillary  division  passes  out  of  the  cranial  cavity,  by 
the  foramen  rotundum,  at  the  base  of  the  skull,  into  the  spheno-maxil- 
lary  fossa,  where  it  gives  a sensitive  branch  to  the  spheno-palatine  gan- 
glion of  the  sympathetic,  thence  into  and  through  the  longitudinal 
canal  in  the  floor  of  the  orbit,  giving  off  a branch  which  runs  upward 
and  outward  to  terminate  in  the  skin  of  the  malar  and  temporal  regions, 
and  numerous  descending  branches,  which  supply  the  teeth,  gums,  and 
adjacent  mucous  membrane  of  the  upper  jaw,  and,  by  a nasal  filament, 
the  mucous  membrane  of  the  bottom  of  the  nasal  passages.  The  nerve 
then  emerges  upon  the  face  by  the  infra-orbital  foramen,  and  is  distri- 
buted in  abundant  diverging  branches  to  the  integument  of  the  lower 
eyelid  and  the  side  of  the  nose,  and  to  the  skin  and  mucous  membrane 
of  the  upper  lip. 

1 he  inferior  maxillary  division  leaves  the  anterior  border  of  the 
Gasserian  ganglion  at  a different  angle  from  the  two  others,  passing 
almost  vertically  downward  through  the  foramen  ovale.  This  division 
receives  all  the  fibres  of  the  motor  nerve  root,  which  become  more 
or  less  intimately  united  to  it  during  and  after  its  passage  through  the 
base  of  the  skull  While  the  two  other  divisions  of  the  fifth  nerve  are 
therefore  exclusively  sensitive,  the  inferior  maxillary  division  is  a mixed 
nerve,  containing  both  motor  and  sensitive  fibres.  Its  sensitive  portion, 
however,  is  still  the  most  abundant,  and  all  its  motor  branches  are  given 
oil  a short  distance  below  its  point  of  exit  from  the  skull. 

After  emerging  from  the  foramen  ovale,  this  division  of  the  fifth  pair 
supplies  one  or  two  filaments  to  the  otic  ganglion  of  the  sympathetic, 
which  is  situated  near  its  inner  surface,  and  passes  downward  toward 
the  inferior  dental  canal  ; sending  off,  in  the  mean  time,  two  sensitive 
branches,  namely,  1st,  the  buccinator  branch  ( b ),  destined  for  the  mucous 
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membrane  of  the  cheek,  and  the  skin  and  mucous  membrane  of  the  lips; 
and  2d,  the  auriculo-temporal  branch  (at),  which  turns  backward  and 
upward  behind  the  neck  of  the  inferior  maxilla,  to  be  distributed  to 
the  integument  of  the  anterior  wall  of  the  external  auditory  meatus, 
the  anterior  part  of  the  external  ear,  and  the  adjacent  temporal  region. 
From  this  branch  a twig  of  considerable  size  is  given  ofl  (/),  which 
turns  forward  to  join  the  facial  nerve,  and  communicates  to  its  branches 
in  front  of  this  point  a perceptible  degree  of  sensibility.  . 

Continuing  its  course,  the  nerve  enters  the  dental  canal  of  the  inferior 
maxilla,  through  which  it  runs  from  behind  forward,  giving  oil  filamen  s 
to  the  teeth  and  gums  of  the  lower  jaw.  It  then  emerges  at  the  mental 
foramen,  and  radiates,  like  the  corresponding  portion  of  the  superior 
maxillary  division,  in  diverging  branches  and  ramifications,  which  ter- 
minate in  the  integument  of  the  chin  and  edge  of  the  under  jaw,  and  m 
the  skin  and  mucous  membrane  of  the  lower  lip.  . 

The  remaining  sensitive  branch  of  this  portion  of  the  filth  is  le 
lingual  nerve  ( l ),  which  separates  from  it  before  its  entrance  into  the 
dental  canal,  sends  filaments  to  the  submaxillary  gland,  the  sympathetic 
submaxillary  ganglion,  and  the  adjacent  mucous  membrane  of  the 
mouth,  and  is  finally  distributed  to  the  mucous  membrane  and  papillm 
of  the  tip,  edges,  and  surface  of  the  anterior  two-thirds  of  the  tongue. 
Finally,  the  motor  branches  are  those  (x,x,x)  going,  to  the  tempora  , 
masseter,  and  two  pterygoid  muscles,  and  that  which  is  distributed  (y) 
to  the  mylohyoid  muscle  and  the  anterior  belly  of  the  digastric.  . 

Physiological  Properties  of  the  Fifth  Pair.— The  most  prominent 
and  important  character  belonging  to  this  nerve  is  that  of  its  general 
sensibility.  The  regions  of  the  face  to  which  it  is  distributed,  name  y, 
the  skin  of  the  cheeks,  the  eyelids,  the  tip  of  the  nose,  the  lips,  mucous 
surfaces  of  the  anterior  nares,  and  especially  the  tip  of  the  tongue,  possess 
a tactile  sensibility  of  mud,  higher  grade  than  most  other  regions  of  the 
body  The  nerve  itself,  with  all  its  principal  branches,  s also  acutely 
sensitive  to  mechanical  irritation,  and  will  give  rise  to  indications  of 
sensibility  on  being  wounded  or  galvanised,  under  conditions  when  the 
sninal  nerves  generally  are  nearly  or  quite  inactive.  . 

But  the  most  direct  and  conclusive  experiment  bearing  on  the  physio- 
logicd  — s of  this  nerve  and  its  branches  is  £ 

pi:her  separately  or  together,  by  a transverse  section.  Either  the  mtia 
orbital  or  mental  nerve  maybe  divided,  in  the  quadrupeds  at  the  points 
where  they  emerge  from  the  corresponding  foramina  in  the  maxilla  y 
bones  A more  fecisive  method  is  that  of  dividing  the  fifth  nerve  in  he 
interior  of  the  cranium  by  a section  passing  through  its  trunk  at  th 
. . thp  Oasserian  ganglion.  This  operation  was  fiist  peifo 

r”r„me„t  ^ 

r^o'lucednin  a horizontal  direction  through  the  squamous  portion 
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of  the  temporal  bone,  and  pushed  inward  and  a little  forward,  with  its 
cutting  blade  laid  flatwise  upon  the  surface  of  the  petrous  portion,  until 
it  strikes  the  posterior  clinoid  process.  It  is  then  withdrawn  slightly, 
its  cutting  edge  turned  downward,  and  the  fifth  nerve  divided  where  it 
crosses  the  apex  of  the  pyramid  formed  by  the  petrous  portion  of  the 
temporal  bone.  The  instrument  is  again  turned  with  its  cutting  blade 
flatwise,  and  withdrawn  from  the  skull  in  this  position.  When  this 
manoeuvre  is  successfully  carried  out,  all  the  fibres  of  the  fifth  nerve  are 
divided  at  a single  stroke,  and  the  only  part  of  the  brain  necessarily 
wounded  is  the  inferior  portion  of  the  temporal  lobe.  The  hemorrhage 
is  small  in  amount,  producing  only  a slight  degree  of  cerebral  compres- 
sion, from  which  the  animal  soon  recovers. 

The  immediate  effect  of  this  operation  is  a complete  loss  of  sensibility, 
upon  the  operated  side,  in  the  integument  and  mucous  membranes  about 
the  face.  The  cornea  or  conjunctiva  can  be  touched  or  pricked  without 
exciting  an}'  movement  of  the  eyelids  ; while  upon  the  opposite  side 
these  parts  retain  their  natural  acuteness  of  sensibility.  A probe  may 
be  deeply  introduced  into  the  nasal  passages,  or  the  upper  or  lower  lip 
may  be  pierced  throughout  its  substance  with  a steel  needle,  without 
producing  any  indication  of  pain,  or  eliciting  any  sign  of  sensation  on 
the  part  of  the  animal.  At  the  same  time  the  power  of  motion  in  these 
parts  is  unaffected.  The  eyelids  may  be  opened  or  closed  under  the 
influence  of  visual  impressions,  and  the  movements  of  the  lips  and  other 
parts  continue  to  be  performed  in  a nearly  natural  manner.  In  the  cat, 
the  loss  of  sensibility  and  the  persistence  of  the  power  of  motion  is 
readily  seen  by  irritating  at  different  points  the  integument  of  the  ex- 
ternal ear,  which  in  this  animal  has  naturally  an  acute  tactile  sensibility. 
If  the  point  of  a steel  instrument  be  brought  in  contact,  upon  the 
operated  side,  with  the  anterior  part  of  the  ear,  which  is  supplied  by 
fibres  from  the  third  division  of  the  fifth  nerve,  no  effect  is  produced. 
But  if  the  same  irritation  be  applied  to  the  back  part  of  the  ear,  which 
is  supplied  by  the  great  auricular  nerve  from  the  cervical  plexus,  a 
vigorous  twitching  movement  is  at  once  excited.  According  to  Longet, 
the  most  violent  injuries,  such  as  exsection  of  the  eyeball,  evulsion  of 
the  hairs  about  the  lips,  extraction  of  the  teeth,  or  destruction  of  the 
integument  by  the  acutual  cautery,  may  be  performed  after  complete 
division  of  the  fifth  nerve  without  causing  any  painful  sensation.  There 
is  entire  anaesthesia  of  all  the  parts  supplied  by  filaments  of  this  nerve. 

The  fifth  pair  is  accordingly  the  exclusive  source  of  sensibility  in  the 
superficial  regions  of  the  face,  and  all  parts  of  the  nasal  and  buccal 
cavities  to  which  it  is  distributed. 

Painful  Affections  of  the  Fifth  Pair. — This  nerve  is  also  the  seat  of 
all  the  neuralgic  painful  affections  about  the  head  and  face.  The  most 
common  of  these  is  headache ; which  may  be  general,  extending  over 
both  sides  of  the  forehead  and  vertex,  or  confined  strictly  to  one  side. 
It  often  seems  to  be  located  in  the  nerves  supplying  the  periosteum, 
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especially  that  lining  the  orbit  of  the  eye,  or  the  frontal  sinuses.  Where 
the  pain  is  deep  seated,  its  location  may  even  be  in  the  dura  mater  or  the 
bones  of  the  skull ; since  each  division  of  the  fifth  pair,  cither  before  or 
immediately  after  leaving  the  cavity  of  the  cranium,  sends  backward  a 
slender  recurrent  branch,  destined  for  the  dura  mater  and  the  cranial 
bones.  That  from  the  ophthalmic  division  is  traced  backward  into  the 
tentorium,  in  the  substance  of  which  it  ramifies  as  lar  as  the  sinuses 
bordering  its  attached  edge. 

In  cases  of  toothache , which  depends  upon  irritation  of  the  dental 
filaments  of  the  fifth  pair,  the  cause  of  the  neuralgia  is  usually  the 
decay  of  the  bony  substance  of  the  tooth,  and  consequent  exposure  of 
the  tooth  pulp  to  external  injury  or  inflammation.  It  is  usually  con- 
fined to  the  single  tooth  affected  by  decay ; but  iu  severe  cases  the  pain 
may  radiate  to  other  teeth  in  the  immediate  neighborhood,  or  may  even 
spread  over  the  entire  corresponding  side  of  the  maxilla.  Neuralgia  of 
the  teeth  may  also  be  wholly  sympathetic  in  its  origin,  as  where  it  is 
caused,  like  headache,  by  indigestion,  exposure,  or  fatigue;  the  pain 
existing  simultaneously  iu  several  teeth,  without  any  morbid  alteration 
of  their  structure. 

The  most  severe  and  persistent  form  of  neuralgia  in  this  nerve  is  that 
known  as  tic  douloureux  ; in  which  the  pain  is  habitually  located  in  one 
of  its  three  principal  divisions  as  they  emerge  upon  the  face.  Here 
also  the  pain  is  not  constant,  but  intermittent,  recurring  in  great 
severity  at  longer  or  shorter  intervals,  and  usually  lasting  but  a few 
minutes  at  a time.  It  is  more  frequently  seated  in  the  upper  or  middle 
region  of  the  face,  corresponding  with  the  distribution  of  the  supia  01 
infra-orbital  nerves. 

Lingual  Branch  of  the  Fifth  Pair.— This  branch,  which  is  designated 
by  the  special  name  of  the  “ lingual  nerve,”  possesses  an  especial  interest 
because  it  communicates  to  the  mucous  membrane  of  the  tongue  both 
the  property  of  tactile  sensibility  and  the  special  sense  of  taste.  The 
general  sensibility  of  the  tongue  is  highly  developed  over  the  whole 
of  its  anterior  two-thirds,  where  it  is  supplied  by  the  lingual  nerve ; and 
at  its  tip  is  more  acute  than  in  any  other  region  of  the  body.  This 
sensibility  disappears  completely  on  the  operated  side,  together  with 
that  of  the  external  portions  of  the  face,  when  the  fifth  nerve  has  been 
divided  in  animals  in  the  interior  of  the  cranium;  and  Longet  has  found 
that  after  section  of  both  lingual  nerves,  the  surface  of  the  anterior  two- 
thirds  of  the  tongue  may  be  cauterized  with  potassium  hydrate  or  the 
red-hot  iron,  without  producing  any  indication  of  pain.  The  tactile 
sensibility  of  the  tongue  is  of  great  importance  m man,  and  also  in 
some  of  the  lower  animals,  as  an  aid  iu  the  process  of  mastication,  by 
enabling  this  organ  to  appreciate  the  simple  physical  qualities  ot  the 
food  introduced  into  the  mouth,  to  perceive  when  it  is  uniformly  le- 
duced  to  the  proper  consistency  for  swallowing,  and  to  detect  any 
remnants  left  among  folds  or  crevices  of  the  mucous  membrane.  Ihese 
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functions  are  therefore  seriously  interfered  with  by  injury  or  destruc- 
tion of  the  sensitive  filaments  supplying  the  tongue. 

The  lingual  nerve  is  also  endowed  with  the  special  sensibility  of 
taste.  This  function  is  a difficult  one  to  investigate  upon  the  lower 
animals,  owing  to  the  uncertainty  of  its  external  indications  and  the 
difficulty  of  isolating,  for  the  purposes  of  observation,  separate  re- 
gions of  the  cavity  of  the  mouth.  Experiments  upon  man,  however, 
which  are  made  with  comparative  facility,  have  been  performed  by 
G-uyot,  Yerniere,  Duges,  and  Louget  in  such  a manner  as  to  leave  no 
doubt  that  the  sense  of  taste  is  highly  developed  in  those  portions  of 
the  tongue  which  are  supplied  exclusively  by  the  lingual  nerve.  These 
experiments  consist  mainly  in  applying  to  different  parts  of  the  mucous 
membrane,  in  the  cavity  of  the  mouth,  a small  globule  of  lint,  moistened 
with  a solution  of  some  substance,  like  quinine  or  colocynth,  possessing 
a distinct  taste  without  irritating  qualities.  In  this  way  it  is  ascertained 
that  the  point,  edges,  and  superior  surface  of  the  tongue,  throughout 
its  anterior  two-thirds,  is  capable  of  perceiving  the  sensations  of  taste, 
without  aid  from  other  parts  of  the  buccal  mucous  membrane.  Accord- 
ing to  the  experiments  of  Bernard  and  Longet  on  animals,  division  of 
the  lingual  nerve  destroj^s  the  faculty  of  taste  as  well  as  that  of  general 
sensibility  in  the  corresponding  parts  of  the  tongue ; and  similar  obser- 
vations are  quoted  by  Henle,  after  section  of  this  nerve  in  the  human 
subject. 

Muscular  Branches  of  the  Fifth  Pair. — These  branches,  as  enume- 
rated above,  are  given  off  from  the  inferior  maxillary  division,  for  the 
most  part  a short  distance  below  its  exit  from  the  skull,  and  are  dis- 
tributed to  the  temporal,  the  masseter,  and  the  external  and  internal 
pterygoid  muscles  ; while  the  mjdohyoid  branch,  which  separates  from 
the  trunk  somewhat  farther  down,  supplies  the  muscle  of  the  same 
name  as  well  as  the  anterior  belly  of  the  digastric.  All  these  nerves 
are,  therefore,  concerned  in  the  movements  of  mastication.  The  most 
powerful  of  the  muscles  to  which  they  are  distributed,  namely,  the 
temporal  and  the  masseter,  act  by  bringing  the  teet  h of  the  lower  jaw 
forcibly  in  contact  with  those  of  the  upper.  The  contraction  of  the  two 
pterygoid  muscles  produces  a lateral  grinding  movement,  by  which  the 
trituration  of  the  food  is  accomplished ; and  finally  those  supplied  by 
the  mylohyoid  branch  facilitate  the  partial  separation  of  the  jaws,  to 
allow  a repetition  of  the  former  motions.  In  different  species  of 
animals  these  movements  vary  in  their  relative  importance.  In  the 
carnivora,  it  is  the  closure  of  the  jaws  which  preponderates  over  the 
rest,  enabling  the  animal  to  seize  and  tear  his  prey,  by  means  of  the 
pointed  canine  and  sharped-edged  molar  teeth.  In  the  herbivora,  on 
the  other  hand,  the  lateral  grinding  movements  arc  more  important  for 
the  complete  comminution  of  the  seeds,  grains,  or  other  hard  vegetable 
tissues  upon  which  they  feed.  In  man,  both  movements  coexist  in  a 
nearly  equal  degree. 

The  movements  of  mastication  are  accordingly  paralyzed  by  section 
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of  the  fifth  pair,  and  are  the  only  muscular  functions  directly  interfered 
with  by  this  operation.  There  is  a difference,  however,  in  the  ultimate 
consequences  which  follow  paralysis  of  mastication,  accoiding  to  the 
species  of  animal  affected.  It  the  fifth  pair,  or  its  inferioi  maxillaiy 
division,  were  destroyed  on  both  sides  in  either  a carnivorous  or 
herbivorous  animal,  death  would  follow  from  inanition,  owing  to  the 
impossibility  of  preparing  the  food  for  deglutition.  11  the  injury  were 
inflicted  upon  one  side  only,  it  would  be  equally  fatal  in  the  herbivora, 
by  preventing  the  alternate  lateral  movements  of  the  jaw  ; while  in  a 
carnivorous  animal  the  vertical  movements,  which  are  more  important, 
would  be  less  seriously  affected,  since  they  might  still  be  performed, 
though  imperfectly,  by  the  muscles  of  the  opposite  side. 

But  the  most  peculiar  secondary  result  of  paralysis  of  the  muscles  of 
mastication  on  one  side  is  seen  in  the  rodentia.  In  these  animals  the 
most  important  teeth  are  the  four  incisors,  two  in  the  upper  and  two  in 
the  lower  jaw,  which  are  used  for  gnawing  through  hard  substances,  and 
which  grow  continuously  from  the  tooth-pulp  below,  thus  supplying  the 
waste  caused  by  wearing  away  their  edges.  The  teeth  move  against 
each  other  in  an  exact  vertical  plane,  the  upper  and  lower  incisors  on 
each  side  meeting  each  other,  and  thus  by  mutual  attrition  keeping  their 
chisel-like  edges  at  a corresponding  level.  If  the  fifth  nerve  be  divided 
in  these  animals,  the  lower  jaw  becomes  deviated  toward  the  operated 
side  in  consequence  of  the  paralysis  of  the  corresponding  petrygoi 
muscles.  The  edges  of  the  four  incisor  teeth  then  no  longer  correspond 
with  each  other,  but  are  so  shifted  that  one  of  those  m the  upper  and 
one  in  the  lower  jaw  do  not  meet  with  any  opposing  edge,  and  are  con- 
sequently no  longer  worn  away.  According  to  the  experiments  of  Ber- 
nard on  rabbits,  the  line  of  junction  between  the  edges  of  the  teeth, 
instead  of  being  horizontal,  then  becomes  oblique,  being  directed  from 
above  downward,  from  the  operated  toward  the  sound  side,  and  the 
same  fact  has  been  observed  by  Flint.1  If  the  animal  survive  for  a 
considerable  time,  the  teeth  which  are  no  longer  worn  away,  as  they 
continue  to  grow  from  the  tooth-pulp  below,  may  become  excessively 
elongated.  We  have  seen  an  instance  in  the  woodchuck  (Arctomys 
monax)  of  lateral  deviation  of  the  teeth  from  a reunited  fracture  of  the 
lower  jaw,  in  which  the  upper  incisor  on  one  side  and  the  lower  on  t e 
other  had  increased  to  five  or  six  times  their  natural  length,  and  had 
probably  caused  the  death  of  the  animal  by  penetrating  the  soft  paits 
about  the  head  and  interfering  with  the  movement  of  the  jaws.  . 

Anastomotic  Branches  of  the  Fifth  Pair.- Although  the  separa 
regions  of  the  face  are  supplied  in  a general  way  by  the  three  giea 
divisions  of  this  nerve,  there  is  yet  more  or  less  communication  between 
them  by  intermingled  filaments  from  different  sources,  and  the  separate 
branches  of  each  division  communicate  with  considerable  frequen 1 3* 
Thus  the  infra-orbital  nerve,  which  sends  filaments  to  the  lower  eye!  , 

> Physiology  of  Mau ; Nervous  System.  New  York,  1872,  p.  198. 


THE  TRIGEMINUS. 


535 


inosculates  by  a distinct  twig  with  one  of  the  nasal  branches  of  the  oph- 
thalmic division.  The  integument  of  the  nose  is  supplied  by  the  nasal 
branches  of  the  ophthalmic  division,  and  also  by  those  coming  from  the 
infraorbital  nerve.  The  upper  and  lower  lips  are  supplied  both  from 
the  infraorbital  and  mental  nerves  on  the  outside,  and  from  the  terminal 
filaments  of  the  buccinator  nerve  on  the  inside;  and  the  temporal  region 
receives  branches  botli  from  the  superior  and  inferior  maxillary  divisions. 
A most  important  anastomotic  branch  of  the  fifth  pair  is  that  which  its 
inferior  maxillary  division  seuds  to  the  facial  nerve  (Fig.  114,/),  and 
by  means  of  which  it  supplies  sensitive  filaments  to  the  great  motor 
nerve  of  the  face.  As  a general  rule,  nerves  which  are  distributed 
exclusively  to  muscles  receive  at  some  part  of  their  origin  or  course 
sensitive  filaments  'which  accompany  them  to  their  destination.  The 
. muscular  tissue  consequently  has  a certain  degree  of  sensibility  ; and  it 
is  this  sensibility,  sometimes  called  the  “ muscular  sense,”  which  enables 
us  to  appreciate  the  existence  and  degree  of  contraction  in  any  particular 
muscle  or  group  of  muscles.  Many  of  the  sensitive  filaments  supplied 
to  the  facial  nerve  by  the  communicating  branch  of  the  fifth  are  un- 
doubtedly destined  to  reach  the  muscles  of  the  face  with  the  terminal 
branches  of  this  nerve  ; but  there  are  also  abundant  anastomoses  be- 
tween the  facial  nerve  and  the  fifth  near  the  final  distributions  of  the 
latter  nerve.  These  anastomoses  are  quite  numerous,  between  the 
branches  of  the  infraorbital  and  mental  nerves  and  those  of  the  facial ; 
and  certain  regions  of  the  integument  may,  therefore,  be  supplied  with 
sensibility  by  filaments  from  both  these  sources.  The  observations  of 
L’Etidvant1  have  shown  that  it  is  impossible  to  abolish  the  sensibility 
of  any  extended  region  of  the  face  by  section  of  either  division  of  the 
fifth  pair  alone.  A complete  anaesthesia  can  only  be  produced  by  divi- 
sion of  the  whole  nerve  within  the  cranial  cavity.  This  destroys  at 
once  not  only  the  sensibility  supplied  directly  by  the  fifth  pair,  but  also 
that  communicated  to  the  facial  by  its  anastomotic  branch. 

According  to  Henle,  there  is  still  a portion  of  the  side  of  the  face 
which  may  derive  a certain  degree  of  sensibility,  apart  from  that  due  to 
the  fifth  pair,  from  the  great  auricular  nerve  of  the  cervical  plexus  ; since 
the  anterior  branch  of  this  nerve,  after  supplying  the  under  part  of  the 
lobe  of  the  ear,  sends  some  slender  filaments  anteriorly  to  the  integu- 
ment of  the  cheeks,  running  in  some  instances  as  far  forward  as  the 
neighborhood  of  the  malar  bone. 

Influence  of  the  Fifth  Pair  on  the  Special  Senses The  results  of 

experiment  show  that  this  nerve  has  an  important  influence  upon  the 
special  senses,  since  they  are  always  more  or  less  interfered  with,  and  in 
some  instances  practically  destroyed,  by  its  division  or  injury.  This 
influence,  however,  is  mainly  not  a direct  but  an  indirect  one  ; and  shows 
itself  by  a disturbance  of  nutrition  in  the  tissues  of  the  organ.  For  the 
pei  feet  action  of  any  of  the  special  senses,  two  different  conditions  are 

1 Trait6  des  Sections  Nerveuses.  Paris,  1873,  p.  179. 
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requisite:  first  the  peculiar  sensibility  of  its  own  special  nerve,  and 
secondly  the  integrity  of  the  component  parts  of  the  organ  itself.  As 
the  nutrition  of  the  organ  is  affected  by  injury  or  disease  of  the  fifth 
pair,  this  necessarily  causes  a derangement  in  its  physiological  action 
and  thus  interferes  with  the  exercise  of  the  special  sense  belonging  to  it. 
These  effects  seem  to  depend,  not  so  much  upon  the  division  ol  the  ordi- 
nary sensitive  fibres  of  the  fifth  nerve,,  as  of  those  which  are  derived 
from  the  nerve  cells  of  the  Gasserian  ganglion,  or  which  are  supplied 
by  the  fifth  pair  to  the  special  sympathetic  ganglia  connected  with  the 

organs  of  sense. 

Influence  on  the  Sense  of  Smell— The  nasal  passages  are  supplied 
by  two  different  nerves  derived  from  the  cerebrospinal  system,  namely, 
the  olfactory  nerve  distributed  to  their  upper  portions,  and  endowed 
with  its  own  special  sensibility;  and  the  nasal  branches  of  the  fifth  pair, 
distributed  in  the  lower  portions,  to  which  they  communicate  the  gene- 
ral sensibility  of  the  mucous  membrane.  The  mucous  membrane  also 
contains  filaments  from  the  spheno-palatine  ganglion  of  the  sympathetic  ; 
and  this  ganglion  receives  its  sensitive  root  from  the  superior  maxillary 
division  of  the  fifth  pair. 

The  general  sensibility  of  the  nasal  passages  may  accordingly  remain 
after  the  special  sense  of  smell  has  been  destroyed.  If  the  filth  pair, 
however,  be  divided,  not  only  is  general  sensibility  destroyed  m the 
Schneiderian  membrane,  but  a disturbance  also  takes  place  in  its  nutri- 
tion, by  which  the  power  of  smell  is  also  lost.  The  mucous  mem  mane 
becomes  swollen,  and  the  nasal  passage  is  obstructed  by  an  accumu  a- 
tion  of  mucus.  According  to  Longet,  the  membrane  also  assumes  a 
fungous  consistency,  and  is  liable  to  bleed  at  the  slightest  touch.  1 
effect  of  this  alteration  is  to  blunt  or  destroy  the  sense  of  smell.  It  is 
owiim  to  a similar  condition  of  the  mucous  membrane  that  the  power 
of  smell  is  impaired  in  cases  of  influenza.  The  olfactory  nerves  become 
inactive  in  consequence  of  the  alteration  in  their  mucous  membrane  and 

its  secretions.  . , „ , , ■.  u 

Influence  on  the  Sense  of  S«SfW—The  mtenor  parts  of  «*«}*«» 
ore  also  supplied  with  nerves  of  ordinary  sensibility  from  the  fifth  par  , 
while  the  speoial  impressions.of  light  are  transmitted  erfusrvtdy  ^ the 
optic  nerve.  In  addition,  the  iris  and  cornea  are  supplied  by  filaments 
coming  from  the  ophthalmic  ganglion  of  the  sympathetic,  wine  - 
ST*  sensitive  loot  from  the  fifth  pair  If  to  nervejre  md£ 
within  the  cranium,  by  a section  passing  in  from t ol 1 or  tin :Ough  ' dm  Gas 
serial!  ganglion,  a change  of  nutrition  often  follows  in  the  cornea,  bj 
which  fts  Issue  becomes  the  seat  of  vascular  congestion  and  ulcer  at ion 
and  which  frequently  goes  on  to  complete  and  I*'—*  d«h  . 

tx  SJMT.  % £ t" 

■ come  opaline,  and  by  the  second  day  the  conjunctiva  is  visibly  congested, 


THE  TRIGEMINUS. 


537 


and  discharges  a purulent  secretion.  This  process,  after  commencing 
in  the  cornea,  increases  in  intensity  and  spreads  to  the  iris,  which  be- 
comes covered  with  an  inflammatory  exudation.  The  cornea  grows 
more  opaque,  until  it  is  at  last  altogether  impermeable  to  light,  and 
vision  is  consequently  suspended.  Sometimes  the  diseased  action  goes 
on  until  it  results  in  sloughing  and  perforation  of  the  cornea  and  dis- 
charge of  the  humors  of  the  eye;  sometimes,  after  a few  days,  the 
inflammatory  appearances  subside,  and  the  eye  is  finally  restored  to  its 
natural  condition. 

According  to  the  observations  of  Bernard,  although  these  conse- 
quences usualty  follow  division  of  the  fifth  nerve  when  performed  at  the 
situation  of  the  Gasserian  ganglion,  or  between  it  and  the  eyeball,  they 
aie  either  retarded  in  their  appearance  or  altogether  wafiting  when  the 
section  is  made  posteriorly  to  the  ganglion,  between  it  and  the  base  of 
the  brain.  This  indicates  that  the  influence  exerted  by  this  nerve  upon 
the  nutrition  of  the  eyeball  does  not  reside  in  its  own  proper  fibres,  but 
in  additional  filaments  derived  from  the  Gasserian  ganglion. 

Influence  on  the  Sense  of  Taste — The  lingual  branch  of  the  fifth 
pair  communicates  to  the  anterior  portion  of  the  tongue  at  the  same 
time  its  acute  general  sensibility  and  its  sensibility  of  taste ; both  of 
which  are,  of  course,  abolished  by  its  division.  Whether  both  kinds  of 
sensibility  reside  in  the  same  or  in  different  fibres  cannot  yet  be  deter- 
mined ; but  cases  which  have  been  observed  in  man,  of  impairment  of 
the  sense  of  taste,  while  tactile  sensibility  remains  entire,  make  it  pos- 
sible that  there  may  be  two  distinct  sets  of  fibres  in  the  lingual  nerve, 
one  devoted  to  general  sensibility,  the  other  to  that  of  taste.  How- 
ever that  may  be,  it  is  evident  that  the  exercise  of  the  sense  of  taste  is 
facilitated  by  the  presence  of  general  sensibility  in  the  mucous  mem- 
brane of  the  tongue,  and  is  influenced  by  the  state  of  the  local  circula- 
tion and  the  buccal  secretions.  In  a tongue  which  is  dry  or  coated,  as 
in  the  febrile  condition,  taste  is  practically  abolished ; as  much  so  as 
the  sense  of  sight  from  opacity  of  the  cornea.  The  sense  of  taste, 
accordingly,  depends  for  its  exercise,  not  only  upon  the  special  sensi- 
bility of  the  lingual  nerve,  but  also  upon  all  the  physiological  conditions 
requisite  for  the  integrity  of  the  mucous  membrane. 

Influence  upon  the  Sense  of  Hearing. — The  influence  of  the  fifth  pair 
upon  the  sense  of  hearing  is  less  certainty  known  than  that  exerted 
upon  the  other  special  senses,  and  is  only  to  be  surmised  from  the  simi- 
larity of  its  anatomical  relations.  This  nerve  provides  for  the  general 
sensibility  of  the  external  ear  by  twigs  from  its  auriculo-temporal  branch, 
which  supply  the  skin  of  the  anterior  border  of  the  concha  and  that  of 
the  anterior  wall  of  the  external  auditory  meatus.  Its  relation  with  the 
deeper  parts  ol  the  organ  is  established  by  means  of  the  otic  ganglion 
of  the  sympathetic,  which  receives  a few  short  fibres  from  the  inferior 
maxillary  division  of  the  fifth  pair,  and  which  sends  a filament  back- 
ward to  join  the  tympanic  plexus  on  the  inner  surface  of  the  membrane 
ol  the  tympanum.  This  plexus  is  also  supplied  with  filaments  from 
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the  ganglion  situated  upon  the  trunk  of  the  glosso-pharyngeal  nerve; 
and  is  consequently  made  up  of  interlacing  fibres  derived  from  both 
these  sources.  Its  peripheral  sensitive  fibres  terminate  in  the  mucous 
membrane  lining  the  cavity  of  the  middle  ear.  The  secretions,  both  of 
this  cavity  and  of  the  external  auditory  meatus,  are  important  for  the 
preservation  of  the  integrity  of  the  parts  and  for  the  mechanism  of 
audition;  and  they  are  undoubtedly  in  great  measure  under  the  control 
of  the  nervous  supply,  of  which  a considerable  portion  is  derived  from 

the  fifth  pair. 


Sixth  Pair.  The  Abducens. 

The  abducens  nerve,  so  called  because  it  is  distributed  only  to  the 
single  muscle  which  causes  the  movement  of  abduction  of  the  eyeball, 
originates  mainly  from  a collection  of  gray  matter  on  the  floor  of  the 
fourth  ventricle,  near  its  widest  part  and  at  a point  corresponding  wi 
the  posterior  section  of  the  pons  Yarolii.  It  is  situated  next  the  median 


Fig.  175. 
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line  and  is  indicated  on  each  side  by  a longitudinal  prominence,  known 
“tie” fasciculus  teres."  This  collection  of  gray  matter  is  the  c— 
nucleus  of  the  abducens  and  facial  nerves ; since  the  fibres  of  both  th 
™r7es  are  traced  to  a connection  with  it,  although  running  m some- 
what different  directions.  The  fibres  of  the  abducens  as  shown  by  Bea 
Meynert,  and  Henle,  originate  from  the  inner  border  of  toe  nolens 

at  the  posterior  edge 
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of  the  pons  Yarolii.  From  this  point,  the  nerve,  which  is  about  two  mil- 
limetres in  thickness,  runs  nearly  straight  forward,  beneath  the  under 
surface  of  the  pons,  passes,  in  company  with  the  oculomotorius  and 
patheticus,  along  the  wall  of  the  cavernous  sinus  and  through  the 
sphenoidal  fissure,  into  the  cavity  of  the  orbit,  where  it  terminates  in 
the  external  straight  muscle  of  the  eyeball. 

Physiological  Properties  of  the  Abducens The  physiological  pro- 

perties of  this  nerve  have  been  examined,  in  the  experiments  of  Longet 
on  rabbits,  and  in  those  of  Chauveau  on  rabbits  and  horses,  by  irritating 
its  trunk  within  the  cranium  and  at  its  point  of  emergence  from  the 
pons  Yarolii.  The  abducens  is  thus  shown  to  be,  at  its  origin  and  for 
some  distance  beyond,  exclusively  a motor  nerve  ; since  its  galvanization 
produces  at  once  continued  contraction  in  the  external  straight  muscle 
of  the  eyeball,  and  mechanical  or  other  irritation  applied  to  its  fibres 
causes  no  indication  of  suffering.  In  the  experiments  of  Longet,  which 
were  performed  upon  the  living  animal,  the  difference  in  this  respect 
between  the  abducens  nerve  and  the  trigeminus  was  very  marked ; irrita- 
tion of  the  trigeminus  always  giving  rise  to  signs  of  acute  sensibility, 
while  that  of  the  abducens  had  no  other  effect  than  local  muscular  con- 
traction. 

.Division  of  this  nerve  causes  internal  strabismus  from  paralysis  of 
the  external  straight  muscle,  and  loss  of  the  lateral  motion  of  the  eye- 
ball in  a horizontal  plane;  although  its  vertical  movements  are  still 
preserved,  owing  to  the  continued  activity  of  the  oculomotorius  nerve. 
Cases  of  internal  strabismus,  in  man,  are  recorded,  with  the  accompa- 
nying symptoms  mentioned  above,  which  were  apparently  due  to  com- 
pression of  the  abducens  nerve  by  morbid  growths  within  the  cranial 
cavity. 


Seventh  Pair.  The  Facial. 

With  regard  to  the  innervation  of  the  external  parts  of  the  face,  this 
nerve  holds  an  equal  rank  with  the  fifth  pair,  and  may  be  regarded  as 
complementary  to  it  in  physiological  endowments.  As  the  fifth  pair  is 
the  nerve  of  sensation  for  the  integument  of  this  region,  the  facial  is  the 
motor  nerve  for  its  superficial  muscles.  It  is  the  nerve  of  facial  expres- 
sion,  by  which  the  features  are  animated  in  their  varying  movements, 
corresponding  with  the  different  phases  of  mental  or  emotional  activity. 
Although  at  its  origin  an  exclusively  motor  nerve,  it  receives,  soon  after 
its  emergence  from  the  cranium,  a communicating  branch  from  the  fifth 
pair,  which  gives  to  it,  and  to  the  muscles  in  which  it  terminates,  a cer- 
tain share  of  sensibility. 

1 he  facial  nerve  has  its  principal  source  in  a collection  of  gray  matter, 
which  -has  already  been  described  as  also  giving  origin  to  the  fibres  of 
the  abducens  (Fig.  115).  This  nucleus  extends  for  a short  distance 
longitudinally  along  the  floor  of  the  fourth  ventricle  near  the  median  line, 
as  a layer  about  1.5  millimetre  in  thickness,  and  containing,  according 
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to  Dean,1  stellate,  oval,  or  fusiform  nerve  cells,  among  which  the  nerve 
fibres  penetrate.  The  nucleus  constitutes,  at  tins  situation,  the  gray 
matter  of  the  “ fasciculus  teres.”  The  fibres  of  the  abducens  and  facial 
nerves  are  given  off  from  its  internal  and  external  borders  respective  ly  , 
those  of  the  abducens  passing  directly  downward  through  the  tube 
anmilare,  near  the  median  plane,  those  of  the  facial  first  passing  out 
ward  and  then  bending  downward,  to  reach  their  point  of  emergence  at 
the  posterior  ed-e  of  the  lateral  portion  of  the  pons  Varolu. 

According  to  Dean,  Meynert,  and  Henle,  a considerable  portion  of  the 
root  fibres  of  the  facial  nerve  communicate,  either  directly  or ‘ thi<mg 
the  nucleus,  across  the  median  line,  with  the  opposite  side  of  the  hr  an 
After  emer-in-  from  the  posterior  edge  of  the  pons  A aioln,the  fa  _ 
nerve,  in  company  with  the  auditory,  passes  into  and  through  the  m- 
ternal  auditory  meatus.  It  then  enters,  by  itself,  the  aqueduct  ol  Fal- 
lopius and  following  the  course  of  this  canal  through  the  petrous 
portion  of  the  temporal  bone,  comes  out  at  the  stylomastoid  foramen 
and  turns  forward  upon  the  side  of  the  face.  It  spreads  out  between 
the  lobules  of  the  parotid  gland  into  a number  of  branches  which  by 
their  mutual  interlacement  form  the  well-known  “parotid  plexus,”  01 
anserinus,”  of  this  nerve.  Its  branches  then  diverge  upward  for- 
ward, and  downward,  to  be  distributed  to  the  s^fim^ 
facial  re-ion.  It  also  supplies,  by  branches  given  off  immediately  after 
its  emergence  from  the  stylomastoid  foramen,  the  muscles  of  the  exter- 
nal ear  as  well  as  the  stylohyoid  and  the  posterior  belly  of  the  digastric , 
“d  by  a twi--  which  descends  below  the  jaw  to  the  submay,  la, y region, 
“supplie  filaments  to  the  upper  part  of  the  platysma  myoides  nWe 
Id  oommunieates  with  an  ascending  branch  of  the  superficial  cervical 

bv  thi  result  of  abundant  corresponding  investigations  to  be,  at  its 

nerves  is  at  the  sa  1 recently  killed  animal,  galvanization  of 

Chaveau  has  found  tha  ^ ^ cauSes  at  once  contraction 

'o^TZZtol the  face  and  of  the  external  ear.  This  nerve  is  accord- 
ingly, at  its  source,  “S0“Sdeciswt  resilts  Ire  obtained  from  division  of 
Furthermoie,  the  l course  This  may  be  done,  in 

the  facial  nerve  at  various  parts  of  its  course.  3 


.-Gray  Substance  of  the  Medulla  Oblongata  and  Trapezium. 
1864,  pp.  58,  61. 
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most  quadrupeds,  at  the  point  of  exit  of  the  nerve  from  the  stylomas- 
toid foramen,  or,  as  practised  by  Bernard,  during  its  passage  through 
the  aqueduct  of  Fallopius,  by  means  of  a cutting  instrument  intro- 
duced into  the  cavity  of  the  tympanum,  thus  reaching  the  nerve  through 


Fig.  176. 


Diagram  oi  the  Facial  Nerve  and  its  Distribution. — 1.  Facial  nerve  at 
its  entrance  into  the  internal  auditory  meatus.  2.  Its  exit,  at  the  stylomastoid  foramen. 
3,  4.  Temporal  and  posterior  auricular  branches,  distributed  to  the  muscles  of  the  external 
ear  and  to  the  occipitalis.  5.  Branches  to  the  frontalis  muscle,  d.  Branches  to  the  stylohyoid 
and  digastric  muscles.  7.  Branches  to  the  upper  part  of  the  platysma  myoides.  8.  Branch 
of  communication  with  the  superficial  cervical  nerve  of  the  cervical  plexus. 

its  upper  wall.  The  effect  of  this  section  is  to  paralyze  at  once  all  the 
superficial  muscles  of  the  face  on  the  corresponding  side.  The  visible 
effects  vaiy  in  the  different  facial  regions,  according  to  the  function  of 
the  muscles  which  have  lost  their  power  of  motion. 

Effect  upon  the  Eye. — The  orbicularis  oculi  being  paralyzed,  the  eye 
upon  the  affected  side  cannot  be  closed,  but  remains  permanently  open ; 
even,  according  to  the  observation  of  Bernard,  while  the  animal  is 
asleep.  This  depends  upon  the  fact  that  the  two  muscles  serving  to 
open  and  close  the  eyelids  are  animated  by  two  different  nerves ; the 
levator  palpebrse  superioris,  which  lifts  the  upper  eyelid,  being  supplied 
by  the  oculomotorius,  while  the  orbicularis  oculi  receives  its  nervous 
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filaments  from  the  facial.  After  paralysis  of  this  nerve,  therefore, 
complete  closure  of  the  lids  becomes  impossible,  although  the  move- 
ments of  the  eyeball  are  unaffected,  and  the  pupil  is  capable  ot  dilata- 
tion and  contraction  as  before. 

At  the  same  time  the  motion  of  winking  is  suspended  upon  the 
affected  side.  This  movement  is  an  involuntary  reflex  action,  excited 
by  the  contact  of  air  with  the  surface  of  the  cornea,  and  the  accumula- 
tion of  the  tears  along  the  edge  of  the  lower  eyelid.  At  short  intervals 
this  produces  an  instantaneous  contraction  of  the  orbicularis,  by  which 
the  edges  of  the  eyelids  are  brought  together,  and  again  immediately 
separated ; thus  spreading  the  moisture  of  the  lachrymal  secretion  uni- 
formly over  the  cornea  and  protecting  its  surface  from  dryness  or  irri- 
tation. After  section  of  the  facial  nerve,  this  movement  ceases,  and 
on  thrusting  a solid  body  suddenly  toward  the  face  of  the  animal  it  can 
be  seen  that  the  eye  on  the  sound  side  instinctively  closes,  while  the 
other  remains  open.  Even  touching  the  conjunctiva  or  the  cornea  on 
the  operated  side  fails  to  cause  contraction  of  the  eyelids,  although  the 
animal  shrinks  and  the  eyeball  turns  in  the  orbit;  showing  that  the 
motor  power  of  the  orbicularis  alone  has  been  affected  while  sensibility 

remains. 

Two  precisely  opposite  effects,  accordingly,  are  produced  upon  the 
movements  of  the  bye,  by  section  of  the  fifth  nerve,  or  its  ophthalmic 
branch,  and  by  that  of  the  facial.  After  division  of  the  fifth  nerve, 
touching  the  cornea  fails  to  produce  closure  of  the  eyelids  because  the 
sensibility  of  its  surface  has  been  destroyed,  though  the  power  of  motion 
remains.  When  the  facial  has  been  divided,  it  is  the  muscular  action 
which  is  paralyzed,  the  sensibility  of  the  parts  remaining  entire. 

Effect  on  the  Nostrils.— In  some  animals,  as  in  man,  the  nostrils  are 
more  or  less  rigid  and  nearly  inactive  in  the  ordinary  condition.  They 
expand  however,  with  considerable  vigor  when  the  movements  of 
respiration  are  increased  in  frequency,  or  when  the  air  is  forcibly  in- 
spired to  assist  in  the  sense  of  smell.  In  many  species,  furthermore, 
as  in  most  graminivorous  quadrupeds,  and  especially  m the  horse,  they 
alternately  expand  and  collapse  in  a regular  and  uniform  manner,  with 
each  inspiration  and  expiration;  executing  m this  way  a series  o 
respiratory  movements  synchronous  with  those  of  the  chest  and  abdo- 
men Even  in  man  the  expansion  of  the  nostrils,  at  the  time  of  in- 
spiration, becomes  very  marked  whenever  the  breathing  is  burned  or 
laborious,  owing  to  increased  muscular  exertion  or  to  any  acciden  . 

obstruction  of  the  air-passages.  _ 

All  these  movements  are  suspended  by  section  of  the  facial  nei  . 
The  muscles  by  which  they  are  performed  being  paralyzed,  the  nostril 
on  the  affected  side  becomes  flaccid,  and,  instead  of  opening  01 
admission  of  air  into  the  nares,  it  collapses  and  forms  more  or  less  o 
an  obstruction  to  its  entrance.  As  the  partial  dyspnma  thus  mduced 
tends  to  accelerate  the  breathing,  the  paralysed  nostril  19  1 

compressed  by  the  air  in  the  movement  ol  inspiration,  while  at  the 
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time  of  expiration,  on  the  other  hand,  it  is  forced  outward  by  the  exit 
of  the  air.  The  natural  movements  of  the  nostril  in  respiration,  are 
therefore  reversed  by  paralysis  of  the  facial  nerve.  In  the  normal  con- 
dition they  exhibit  an  active  expansion  in  inspiration,  and  a partial 
collapse  in  expiration.  After  section  of  the  nerve  the  nostril  collapses 
in  inspiration,  and  partially  opens  in  expiration ; moving  passively 
inward  and  outward,  like  an  inert  valve,  with  the  changing  direction  of 
the  current  of  the  air. 

Effect  on  the  Lips. — In  the  lower  animals  generally,  but  especially 
in  the  herbivora,  the  movements  of  the  lips  are  mainly  serviceable  in 
the  prehension  of  the  food  ; and  if  these  movements  be  paralyzed  on 
the  two  sides  at  once,  by  section  of  both  the  facial  nerves,  the  conse- 
quent incapacity  to  introduce  food  into  the  mouth  may  be  sufficiently 
serious  to  cause  death  by  inanition.  In  the  carnivora  the  motions  of 
retraction  and  elevation  of  the  lips,  by  which  the  canine  teeth  are  un- 
covered, have  also  a marked  effect  on  the  expression  of  the  face.  In 
most  of  these  animals,  after  division  of  the  facial  nerve,  the  change  in 
the  appearance  of  the  corresponding  side,  even  in  the  quiescent  condi- 
tion, is  distinctly  perceptible.  The  lips  are  flaccid  and  motionless,  and 
the  corner  of  the  mouth  hangs  down  and  cannot  be  completely  closed, 
owing  to  the  paralysis  of  the  orbicularis  oris  muscle. 

Effect  on  the  Ears. — In  most  of  the  quadrupeds  the  action  of  the 
external  ears  is  much  more  important  than  in  man,  owing  to  their 
superior  mobility  and  the  greater  development  of  the  corresponding 
muscles.  In  all,  the  varying  position  of  these  organs  is  of  great  influ- 
ence in  modifying  the  expression  ; and  their  rapid  and  extensive  move- 
ments are  also  serviceable  as  an  essential  aid  to  the  sense  of  hearing. 
When  the  facial  nerve  has  been  divided,  the  ear  on  the  corresponding 
side  becomes  flaccid  and  motionless ; and  in  species  where  the  organ  is 
long  and  narrow,  as  in  the  hare  and  rabbit,  it  can  no  longer  be  main- 
tained in  the  erect  position. 

All  the  superficial  muscles  accordingly  of  the  head  and  face,  which 
are  supplied  by  filaments  from  this  nerve,  are  paralyzed  by  its  section ; 
while  the  sensibility  of  the  skin,  in  the  corresponding  parts,  is  pre- 
served entire. 

Facial  Paralysis  in  Man — Facial  paralysis*  from  disease  involving 
the  nerve  itself,  its  sources  of  origin  in  the  brain,  or  the  walls  of  its  bony 
canal  in  the  cranium,  is  not  an  uncommon  affection  in  the  human  sub- 
ject.' It  is  usually  confined  to  one  side,  being  limited  by  the  median 
line,  and  produces  accordingly  a marked  difference  in  the  appearance 
of  the  two  sides  of  the  face.  In  particular  cases,  where  the  cause  of 
the  difficulty  is  located  in  the  branches  of  the  nerve,  certain  portions 
of  the  muscular  apparatus  may  be  affected  to  the  exclusion  of  others ; 
and  the  muscles  about  the  lips  may  be  paralyzed  without  any  percepti- 
ble loss  of  motion  in  the  parts  above.  Or  the  affection  may  be  fully 
developed  in  one  region  of  the  face,  and  only  partial  in  the  remainder. 
But  when  the  disease  is  seated  upon  the  trunk  of  the  nerve  within  the 


544 


THE  CRANIAL  NERVES. 


aqueduct  of  Fallopius,  or  involves  the  whole  of  its  central  origin,  its 
consequences  extend  uniformly  over  one  side  of  the  face,  lorming  a com- 
plete unilateral  facial  paralysis. 

The  external  signs  of  paralysis  of  the  facial  nerve  from  disease  in 
man  are,  in  general,  the  same  with  those  which  follow  experimental 
division  of  this  nerve  in  animals.  The  main  peculiarity  depends  upon 
the  greater  development  of  the  facial  muscles  in  man  as  the  organs  ol 
expression.  The  most  marked  effect,  therefore,  ol  this  disease  in  the 
human  subject.,  is  a loss  of  expression  on  the  paralyzed  side  of  the  face. 


Fig.  177. 


Facial  Paralysis  of  the  right  side. 


All  the  features  have  a collapsed  and  flaccid  appearance.  The  eyelids 
remain  motionless,  and  the  eye  is  constantly  open,  not  only  on  account 
of  the  impossibility  of  bringing  down  the  upper  eyelid,  but  also  because 
the  lower  lid  sinks  down  more  or  less  below  the  level  of  the  cornea; 
thus  giving  to  the  eye  a staring,  vacant  appearance.  The  act  of  winking 
is  no  longer  performed  upon  the  affected  side.  Owing  to  the  paralyzec 
condition  of  the  frontalis  and  superciliary  muscles,  all  the  characteristic 
lines  and  wrinkles  on  this  side  disappear,  and  the  forehead  and  eyebrow 
become  smooth  and  expressionless.  The  same  thing  is  true  of  the 
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cheek,  which,  as  well  as  the  nostril,  is  flattened  and  collapsed.  The 
corner  of  the  mouth  hangs  downward,  and  the  lips  cannot  be  kept  in 
contact  with  each  other  at  this  point,  sometimes  allowing  the  saliva  to 
escape  by  drops  from  the  cavity  of  the  mouth. 

Beside  these  symptoms  there  is  also,  in  man,  a deviation  of  the  mouth 
towards  the  sound  side , owing  to  the  facial  muscles  on  that  side  being 
no  longer  antagonized  by  those  opposite.  In  many  instances  this  de- 
viation is  not  observable  during  a state  of  quiescence,  since  both  sets 
of  muscles  are  then  equal!}'  relaxed  ; and  it  becomes  evident  only  when 
the  patient  begins  to  move  the  muscles  of  the  sound  side,  as  in  speaking 
or  laughing,  or  when  the  emotions  are  excited.  But  in  some  cases,  where 
the  face  has  naturally  an  abundance  of  expression,  the  distortion  of  the 
features,  and  the  consequent  difference  between  the  two  sides  of  the 
face,  are  distinctly  shown  even  in  the  quiescent  condition,  and  become 
still  more  marked  when  the  patient  is  excited  or  engages  in  conversa- 
tion. 

Another  secondary  effect  of  facial  paralysis  in  man  is  difficulty  in 
drinking  and  in  mastication.  The  first  is  due  to  the  impossibility  of 
contracting  the  orbicularis  oris  on  the  affected  side ; so  that  the  lips  at 
this  corner  of  the  mouth  cannot  be  kept  firmly  in  contact  with  the  sides 
of  the  goblet.  The  consequence  is  that  a portion  of  the  fluid  escapes 
and  runs  over  the  lower  part  of  the  face,  unless  the  patient  take  the 
precaution  to  aid  the  paralyzed  part  by  pressure  with  his  fingers.  The 
difficulty  in  mastication  is  not  owing  to  any  paralysis  of  the  muscles 
moving  the  lower  jaw.  These  muscles  are  animated  by  the  inferior 
maxillary  division  of  the  fifth  pair,  and  are  unaffected  in  disease  of  the 
facial  nerve.  It  results  from  the  paralysis  of  the  buccinator  muscle, 
and  the  relaxed  condition  of  the  side  of  the  cheek.  In  consequence  of 
this,  the  food  in  mastication  lodges  partially  in  the  space  between  the 
outside  of  the  gum  and  the  inside  of  the  cheek;  and  the  patient  is  often 
obliged  to  remove  it  by  mechanical  means  in  order  to  complete  its 
mastication. 

The  loss  of  power  in  the  orbicularis  oris  also  produces  an  imperfect 
articulation.  The  lips  cannot  be  brought  together  with  sufficient  pre- 
cision, and  consequently  the  labials,  such  as  B and  P,  are  imperfectly 
pronounced.  If  the  paralysis  be  bilateral,  existing  on  both  sides  of  the 
face  at  a time,  cases  of  which  have  been  sometimes  observed,  the  features 
are  no  longer  deviated  from  their  symmetrical  position,  but  the  diffi- 
culty of  articulation  becomes  much  increased,  extending  not  only  to 
the  labials  proper,  but  also  to  such  of  the  vowels,  as  0 and  U,  which 
reqiiire  a certain  contraction  of  the  orbicularis  oris.  This  affection  is 
distinguished  from  that  known  as  “ glosso-labio-laryngeal  paralysis.”  in 
which  articulation  is  also  impaired.  In  the  latter  disease,  which  is  of 
central  origin,  the  paralysis  affects  the  muscles  of  the  tongue  and  larynx 
as  well  as  those  of  the  lips ; in  facial  paralysis  it  is  confined  to  those 
which  receive  their  filaments  from  the  facial  nerve.  Facial  paralysis 
may  therefore  exist  without  danger  to  life. 
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Crossed  Action  of  the  Facial  Nerve.— The  results  of  minute  examine 
tion  of  the  mode  of  origin  of  this  nerve  give  indications  of  a transverse 
communication  by  decussating  nerve  fibres,  between  its  nucleus  at  the 
floor  of  the  fourth  ventricle  and  the  opposite  side  of  the  tuber  annulare. 

It  has  not  yet  been  possible,  however,  to  follow  with  certainty  the  indi- 
vidual fibres  to  their  termination,  or  to  decide  whether  the  decussating 
fibres  are  part  of  the  original  root  fibres  which  have  simply  passed 
through  the  nucleus,  or  whether  they  originate  anew  from  the  nerve 
cells  of  the  nucleus  and  thence  pass  to  the  opposite  side.  The  opinion 
usually  adopted  by  anatomists  from  the  examination  of  microscopic  sec- 
tions is  that  a part  of  the  fibres  of  each  cranial  nerve  root  terminate  m 
the  nucleus  of  the  same  side,  and  a part  cross  over,  as  decussating  fibres, 
to  the  opposite  side.  This  is  plainly  shown  in  the  case  ot  the  patheticus, 
which  is  the  only  one  of  the  cranial  nerves,  beside  the  optic,  exhibiting 
a distinct  decussation  of  its  root  fibres,  outside  their  connection  with 

the  nucleus.  . . 

That  the  action  of  the  facial  nerve  is  in  great  part  a crossed  action  is 

evident  from  the  results  of  pathological  observation.  Facial  par  a } sis 
is  a frequent  accompaniment  of  hemiplegia;  and  in  the  gieat  majoii  y 
of  instances,  that  is,  when  the  cerebral  lesion  is  situated  above  the  tuber 
annulare,  the  hemiplegia  of  the  hotly  and  limbs  and  the  paralysis  ' 
the  face  are  upon  the  same  side  with  each  other.  The  injury  to  the 
brain,  therefore,  in  these  cases,  produces  both  hemiplegia  and  fac  . 
paralysis  on  the  opposite  side.  When  the  injury  is  seated 
on  the  contrary,  in  the  substance  of  the  tuber  annulare,  it  may  affect  at 
the  same  time  the  roots  of  the  facial  nerve  outside  its  nucleus,  and  the 
longitudinal  tracts  of  the  anterior  pyramids  above  their  decussat  o , 
and  may  cause  in  this  way  a facial  paralysis  on  the  same  side  and 
hemiplegia  on  the  opposite  side.  It  thus  appears  that  the  facial  par- 
alysis  is  on  the  same  side  with  the  injury  when  this  is  seated  ente  nally 
to  he  nucleus,  and  on  the  opposite  side  when  it  is  seated  above  the 
nucleus^  Ur  the  central  parts  of  the  brain.  This  shows  that  for 
a large  part  of  its  functions,  the  action  of  the  facial  nerve  is  entn  J 

“'^communication,  however,  between  the  nucleus  and  the  opposite 

■ Is  of  the  brain  upon  which  this  crossed  action  depends,  does  not  at 
S the  fibres  'of  ’the  nerve,  nor  the  whole  of 
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Paris,  1866,  p.  480. 
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operation  on  dogs  and  rabbits,  the  animals  were  still  capable  of  wink- 
ing with  both  eyes ; only  the  action  of  the  two  nerves  was  no  longer 
simultaneous,  and  the  closure  of  each  eye  was  performed  at  irregular 
intervals  independently  of  the  other. 

It  is  evident,  therefore,  that  the  reflex  act  of  winking  takes  place  for 
each  eye  upon  the  same  side,  undoubtedly  in  the  gray  matter  of  the 
facial  nucleus ; and  the  two  nuclei  habitually  act  in  harmony  with  each 
other  by  means  of  the  commissural  fibres  passing  between  them.  But 
the  mental  and  emotional  influences,  which  cause  the  movement  of  the 
features  in  expression  or  in  voluntary  acts,  are  transmitted  by  decus- 
sating fibres  from  the  opposite  side  of  the  brain. 

This  is  still  further  indicated  by  the  different  effects  caused  by  peri- 
pheral and  central  lesions  of  the  facial  nerve.  In  man,  as  in  animals,  if 
this  nerve  be  divided  or  destroyed  during  or  after  its  passage  through 
the  aqueduct  of  Fallopius,  all  the  movements  of  the  facial  muscles  are 
paralyzed  together.  But  in  cases  of  facial  paratysis  depending  upon  a 
lesion  in  the  cerebrum  itself,  that  is,  above  the  situation  of  the  nucleus, 
it  is  generally  observed,  according  to  Yulpian  and  Hammond,1  that  the 
loss  of  movement  is  not  complete;  but  that,  while  all  the  other  parts  of 
the  face  are  paralyzed,  the  patient  retains  the  power  of  winking  on  the 
affected  side.  This  peculiarity  is  even  given  as  a means  of  diagnosis 
between  facial  paralysis  dependent  upon  injury  of  the  nerve  itself  and 
that  caused  by  a lesion  in  the  brain. 

Sensibility  of  the  Facial  Nerve. — Although  this  nerve  is  exclusively 
motor  at  its  origin,  it  receives  filaments  of  communication  from  the  fifth 
pair,  which  give  it  a certain  degree  of  sensibility.  The  most  important 
of  these  branches,  given  off  from  the  inferior  maxillary  division  of  the 
fifth  nerve,  joins  the  facial  soon  after  its  emergence  from  the  stylo- 
mastoid foramen,  and  runs  forward  with  its  principal  branches  and  rami- 
fications. The  facial  nerve,  therefore,  according  to  the  united  testimony 
of  all  modern  experimenters,  if  examined  upon  the  side  of  the  face  is 
found  to  be  sensitive  to  mechanical  irritations,  although  the  degree  of 
its  sensibilty  is  much  less  than  that  of  the  fifth  pair.  Owing°to  this 
communication,  the  pain,  in  cases  of  tic  douloureux,  sometimes  follows 
the  course  of  the  horizontal  branches  of  the  facial  nerve.  The  proof 
however,  that  the  sensitive  fibres  of  this  nerve  are  derived  from  its 
anastomoses  and  do  not  orginally  form  a part  of  its  trunk,  is  that  the 
sensibility  of  the  facial  regions  to  which  it  is  distributed  disappears 
completely  after  division  of  the  fifth  pair,  notwithstanding  that  the  facial 
nerve  itself  remains  entire. 

Beside  the  principal  communication  above  mentioned,  this  nerve  con- 
tracts abundant  anastomoses,  at  the  anterior  part  of  the  face,  with  the 
radiating  filaments  of  the  supraorbital,  infraorbital,  and  mental  branches 
of  the  fifth  pair. 

1 Diseases  of  the  Nervous  System.  New  York,  1871,  p.  78. 
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Twiqs  and  Communications  of  the  Facial  Nerve  in  the  Aqueduct  of 
Fallopius.— While  passing  through  its  canal  in  the  petrous  portion ^o 
the  temporal  bone,  the  facial  nerve  gives  off  a number  oi  slendei  filar 
ments  by  which  it  communicates  with  other  nerves  or  with  ganglia 
belonging  to  the  sympathetic  system.  The  physiologica  character  of 
most  of  these  filaments  is  imperfectly  understood  ; but  certain  facts  have 
been  established  in  regard  to  them,  and  they  are  of  interest because 
they  are  usually  involved  in  injury  or  disease  of  the  nerve  its 

bony  canal,  and  thus  other  secondary  symptoms  are  produced  m addi- 
tion to  those  of  external  facial  paralysis. 

Fig.  178. 


The  Facial  Nerve  add  its  Ophthalmic  ’ aiv^ion^the  fifth  nerve.  3. 

1.  Fifth  nerve,  with  the  Gasserian  gangl  ^.ngual  nerve.  6.  Sphenopalatine  gan- 

Superior  maxillary  division  ..  o Facial  nerve  in  the  aqueduct  of  Fal- 

glion.  6.  Otic  ganglion.  7.  Suhmaxil  ary  OO^^ie^cUl  petrosal  nerve.  H Stapedius 
lopius.  9.  Great  superficial  pe I commUnication  with  pneumogastric  nerve.  13.  Blanch 

of^ommun^cation'with  glossopharyngeal  nerve.  1,  Chorda  tympani. 

stjs  zx * - — * 

sphenopalatine  ganglion  to"  °n.usc„lav  branches 

glion,  supplying  motive  forc^ftom^thefacia^  ^ ^ the  ^ 

^"aly^  o,  the  palatal  muscles  accompanying  certain  cases 
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of  facial  paralysis,  where  the  lesion  is  deep  seated.  The  paralysis  is 
recognized  by  an  incapacity  to  lift  the  soft  palate,  which  hangs  down  in 
a passive  manner,  and  by  the  deviation  of  the  uvula,  which,  according  to 
the  observations  recorded  by  Longet,  is  always  toward  the  sound  side. 
The  levator  palati,  and  especially  the  uvular  muscle,  being  paralyzed,  its 
fellow  in  contracting  draws  the  uvula  into  an  oblique  position,  with  its 
point  directed  toward  the  non-paralyzed  side.  As  there  is  no  other 
communication  between  the  facial  nerve  and  the  palatal  muscles,  than 
that  through  the  sphenopalatine  ganglion  by  the  great  superficial  petro- 
sal nerve,  this  nerve  must  be  regarded  as  containing  motor  fibres  running 
from  the  facial  to  the  ganglion. 

A little  below  the  origin  of  the  last-mentioned  filament,  the  facial  nerve 
gives  off  a second,  the  small  superficial  petrosal  nerve  ( 10  ),  which  com- 
municates both  with  the  otic  ganglion  and  with  the  plexus  of  nerve 
filaments  on  the  inner  wall  of  the  tympanum,  known  as  the  “tympanic 
plexus,”  w'hich  supplies  nerve  fibres  to  the  lining  membrane  of  the 
tympanic  cavity,  while  the  otic  ganglion  sends  a motor  filament  to  the 
tensor  tympani  muscle. 

From  the  concave  border  of  the  facial  nerve,  as  it  bends  downward,  a 
fine  motor  filament,  the  stapedius  branch  (11),  passes  forward  to  supply 
the  stapedius  muscle.  The  facial  nerve,  therefore,  in  this  part  of  its 
course,  has  an  influence  on  the  mechanism  of  hearing,  through  the 
muscles  which  regulate  the  position  of  the  bones  of  the  middle  ear,  and 
consequently  the  tension  of  the  membrana  tympani.  This  influence  is 
exerted  directly  by  its  stapedius  branch,  and  indirectly,  through  the  otic 
ganglion,  by  the  filament  supplied  to  the  tensor  tympani.  Cases  of 
facial  paralysis  have  been  known  to  be  accompanied,  sometimes  by  par- 
tial deafness,  and  sometimes  by  abnormal  sensibility  to  sonorous  im- 
pressions ; but  it  has  not  been  determined  how  far  these  symptoms  were 
due  to  the  implication  of  other  parts,  or  how  far  to  paralysis  of  the 
muscles  of  the  middle  ear  from  disease  of  the  facial. 

From  its  descending  portion,  the  facial  nerve  gives  off  two  small 
branches  of  communication  (12,  13),  one  to  the  pneumogastric  and  one 
to  the  glossopharyngeal  nerve.  They  are  usually  regarded  as  motor 
filaments,  which  transmit  to  these  two  nerves  the  power  of  causing  mus- 
cular contraction.  This  seems  nearly  certain  in  regard  to  the  branch 
communicating  with  the  glossopharyngeal  nerve ; since  Cruveilhier  de- 
scribes a separate  filament  of  the  facial  passing  to  the  styloglossus  and 
palato-glossus  muscles,  and  Longet  cites  an  instance  in  which  a branch 
of  the  facial,  on  one  side,  without  making  any  connection  with  the  glosso- 
pharyngeal nerve,  was  distributed  directly  to  the  palato-glossal  and 
glossopharyngeal  muscles ; that  is,  to  the  constrictors  of  the  isthmus 
of  the  fauces. 

Finally  the  facial  nerve,  shortly  before  its  exit  from  the  stylomastoid 
foramen,  gives  off  from  its  concave  border  another  slender  branch  of 
considerable  interest,  the  chorda  tympani  (14).  It  first  passes  upward 
and  forward,  in  a recurrent  direction,  traverses  the  cavity  of  the  tym- 
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panum  near  the  inner  surface  of  the  mcmbrana  tympani,  cuives  down- 
ward and  forward,  and  joins  the  descending  portion  of  the  lingual  nerve. 
It  is  certain  that  some  of  its  fibres  again  leave  the  lingual  nerve  at  the 
situation  of  the  submaxillary  ganglion,  to  reacli  this  ganglion  and  the 
tissue  of  the  submaxillary  gland  ; and  it  is  also  certain  that  some  of 
them  continue  onward  with  the  lingual  nerve,  and  accompany  it  to  its 


distribution  in  the  tongue. 

The  most  positive  knowledge  in  our  possession  with  regard  to  the 
physiological  character  of  the  chorda  tympani  is  that  it  is  distinctly  a 
motor  nerve , influencing  the  acts  of  circulation  and  secretion.  Tins 
results  from  the  numerous  experiments  of  Bernard'  on  the  dog  and  cat, 
which  show  that,  in  these  animals,  galvanization  of  the  chorda  tympani 
increases  at  the  same  time  the  activity  of  the  circulation  and  the  secre- 
tion of  saliva  in  the  submaxillary  gland.  The  gland,  with  its  excretory 
duct  and  nervous  connections,  is  exposed  in  the  living  animal.  It  is  then 
seen  that  the  introduction  of  vinegar  into  the  fauces  causes,  by  reflex 
action,  an  increased  current  of  blood  through  the  vessels  of  the  gland, 
and  excites  an  abundant  flow  of  submaxillary  saliva.  But  if  the  chorda 
tympani  be  tied  or  cut  across,  the  action  above  described  no  longer  takes 
place,  and  the  gland  remains  inexcitable  under  the  influence  of  a sapic 
substance  introduced  into  the  fauces.  On  the  other  hand,  if  the  peri- 
pheral extremity  of  the  nerve  be  galvanized,  this  stimulus  excites  the 
circulation  and  secretion  as  before  ; and  the  same  effect  is  produced  >y 
stimulating,  either  the  lingual  nerve  itself,  or  the  filament  which  it  sends 
to  the  submaxillary  gland.  Finally,  while  section  of  the  chorda  tym- 
pani  in  the  cavity  of  the  tympanum,  or  evulsion  of  the  facial  nei  vefiom 
the  aqueduct  of  Fallopius,  will  arrest  the  secretive  activity  of  the  sub- 
maxillary gland,  section  of  the  facial  at  the  stylomastoid  foramen  does 
not  have  this  effect,  but  only  paralyzes  the  muscles  of  the  face  - 

ference  accordingly  exists,  in  the  effects  produced  by  injury  of  the  facial 
nerve  acco Sng  to  its  location,  within  the  aqueduct  of  Fallopius  or  out- 
side of  this  canal.  If  the  lesion  be  external,  there  is  simple  paialysis  o 
the  facial  muscles.  If  it  be  internal,  there  is  also  a diminished  activity 
of  circulation  and  secretion  in  the  submaxillary  glanc . 

Another  symptom  sometimes  observed  in  deep-seated  lesions  of  the 
facial  nerve,  which  is  also  dependent  on  injury  of  the  chorda  tymparn  , 
is  a diminution  or  disturbance  of  the  sense  of  taste  m the  tip  and  s 

In  ^ 'person  P—  “ ” £ £ ££ 

the  sound  side,  but  only  after  a considerable  interval  on  the 


i Systeme  Nerveux.  Paris,  1858,  tome  ii.  pp.  Io0  157. 
Paris,  1859,  tome  i.  pp.  310-315. 
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paralysis.  Various  explanations  are  given  to  account  for  these  phe- 
nomena. By  some  writers  they  are  referred  exclusively  to  the  motor 
properties  of  the  chorda  tympaui.  If  the  fibres  of  this  nerve  which 
accompany  the  branches  of  the  lingual  in  their  peripheral  distribution 
have  an  influence  upon  the  circulation  and  secretion  in  the  tongue 
similar  to  that  which  they  exert  in  the  submaxillary  gland,  it  is  plain 
that  when  these  actions  are  depressed  by  section  of  the  chorda  tym- 
pani,  the  sense  of  taste  may  be  diminished  in  the  corresponding  parts 
as  an  indirect  result  of  its  paralysis.  Others,  on  the  contrary,  attri- 
bute this  effect  to  sensitive  fibres  in  the  chorda  tympani,  which  convey 
the  impressions  of  sapid  substances  directly  from  without  inward,  and 
which,  of  course,  cease  their  action  when  the  nerve  is  divided.  The 
indications  obtained  by  experiment  on  this  point  are  as  yet  too  obscure 
to  allow  of  a decisive  opinion.  The  precise  manner  in  which  the  chorda 
tympani  takes  a share  in  the  exercise  of  the  sense  of  taste  is  more  or 
less  a matter  of  uncertainty.  But  there  is  no  question  that  its  paralysis 
interferes,  to  an  appreciable  degree,  with  this  sense;  and  an  alteration 
of  the  taste,  accompanying  facial  paralysis  upon  the  same  side,  is  a 
symptom  which  fixes  the  location  of  the  nervous  lesion  at  some  point 
inside  the  stylomastoid  foramen. 

Eighth  Pair,  The  Auditory. 

On  the  posterior  surface  of  the  medulla  oblongata,  a little  behind  the 
widest  part  of  the  fourth  ventricle,  a number  of  white  striations  run 
from  the  neighborhood  of  the  median  line,  transversely  outward,  toward 
the  posterior  edge  of  the  peduncles  of  the  cerebellum.  These  striations, 
which  are  sometimes  exceedingly  distinct,  represent  the  commencement 
of  the  roots  of  the  auditory  nerve.  The  nucleus  from  which  they 
originate  is  a mass  of  gray  substance  situated  directly  beneath  them, 
containing  nerve  cells  of  various  form  and  size,  some  of  which  belong 
to  the  smaller  variety,  while  some  of  them,  according  to  Dean,  are 
among  the  largest  of  those  met  with  in  the  nervous  system.  The  gray 
matter  of  the  nucleus,  at  its  lateral  portion,  extends  outward  and  upward 
toward  the  white  substance  of  the  cerebellum,  with  which  it  is  connected 
by  numerous  bundles  of  radiating  fibres. 

The  fibres  originating  from  this  ganglion  partly  run  directly  outward 
in  a superficial  course,  forming  the  W'hite  striations  visible  at  this  point, 
and,  uniting  with  each  other,  curve  round  the  posterior  border  of  the 
peduncles  of  the  cerebellum  to  reach  the  lateral  surface  of  the  medulla 
at  the  lower  edge  of  the  pons  Varolii.  Some  of  them  follow  a deeper 
course,  passing  obliquely  through  the  substance  of  the  medulla  outward 
and  downward  to  the  same  point.  These  fibres,  united  with  each  other, 
foim  the  posterior  root  of  the  auditory  nerve. 

fi  lie  anterior  root  consists  of  fibres  which  are  traced  backward  from 
t ieu-  point  of  emergence,  partly  to  the  floor  of  the  fourth  ventricle,  but 
also  in  great  measure,  according  to  Clarke,  Dean,  and  Henle,  into  the 
white  substance  of  the  cerebellum,  where  they  mingle  with  fibres  coming 
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from  the  interior  of  this  organ.  The  main  anatomical  peculiarity, 
therefore,  which  distinguishes  the  central 'origin  of  the  auditory  from 
that  of  the  other  cranial  nerves,  is  its  abundant  and  direct  connection 

with  the  substance  of  the  cerebellum 

The  auditory  nerve,  formed  by  the  union  of  these  two  jun 
fibres  emerges  from  the  lateral  surface  of  the  medulla  oblongata,  at  the 
SSr  eto  of  the  pens  Varolii,  and  immediately  outs.de  the  toal 
nerT  In  company  with  the  facial  it  then  passes  forward  and  outward 
enters  the  internal  auditory  meatus, penetrates  through  t e pel  01  a m 
at  the  bottom  of  this  canal,  and  terminates  in  the  nervous  eapansrons 

°'  Properties  of  the  Audilory  Nerve- The  auditory 

„eS:!Sly  a nive  of  special  sense,  and  serves  to — ea 
to  the  brain  the  impression  of  sonorous  vibrations.  In  the  expei  imcn 
of  Magendie  upon  dogs  and  rabbits,  the  auditory 

in  the  cranial  cavity,  was  found  to  be  insensible  to  the Bewert 
chanical  irritation,  although  the  roots  of  the  fifth  P“  ^ 

same  time  an  acute  sensibility.  Its  exclusive  distnbuUon  to  the  i 
nal  ear  for  which  it  forms  the  only  nervous  connection  with  the  biam 
leaves  no  doubt  that  its  function  is  that  of  transmitting  to .the icentn 
organ  the  nervous  influences  which  produce  the  sensation  of  sound. 


Behind  the  situation  of  the  auditory  there  commences  ^pecial  ^vi- 
ceding"  " AliTjtS  ^“^ifg'ho^of  special  sense  are 

HH 

and  in  such  juxtaposition  that  it  s terminate,  and 

from  eternal  h.spectron,  Merging  to  this 

those  of  the  other  begi  • rmemnofirastric,  have  their 


those  of  the  other  begin,  ine  wo  - - — ^ stric,  have  their 

group,  namely,  the  glossopharyngeal  ^djihe^pneumog^^,  ^ ^ ^ 
source  in  two  nuclei  whic  aie  c according  to  the  observa- 

terior  surface  of  the  medulla  oblongata , and,  accorcur  g 
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tions  of  Dean,  inrthe  medulla  of  the  sheep,  the  transition  between  the 
pneumogastric  and  glossopharyngeal  roots  or  nuclei  is  so  gradual  that 
it  is  impossible  to  point  out  any  exact  line  of  demarcation.  Each  of 
these  nerves  has  upon  its  trunk  a distinct  ganglion,  situated  within  its 
point  of  emergence  from  the  cranium.  The  motor  portion  of  the  group, 
or  the  spinal  accessory,  originates  from  a special  nucleus  of  its  own, 
and  sends  branches  of  communication  to  both  the  other  nerves.  While 
the  three  nerves  of  this  group,  therefore,  can  hardly  be  regarded  as  a 
single  pair,  they  have  nevertheless  a close  mutual  relation  both  in  ana- 
tomical arrangement  and  in  their  physiological  properties. 

Ninth  Pair.  The  Glossopharyngeal. 

The  fibres  of  the  glossopharyngeal  nerve  originate  from  a nucleus 
situated  a little  behind  and  below  that  of  the  auditory,  and  near  the 
outer  border  of  the  fasciculus  teres,  by  which  it  is  separated  from  the 
median  line.  This  nucleus  is  continuous  posteriorly  with  that  of  the 
pneumogastric  nerve,  which  projects  above  it  on  the  floor  of  the  fourth 
ventricle  (Fig.  168,  Ngl,  Nv).  The  nerve  fibres,  after  leaving  the  nu- 
cleus, pass  downward  and  outward  through  the  substance  of  the  medulla, 
and  emerge  from  its  lateral  surface,  next  behind  the  auditory  nerve,  in 
a series  of  five  or  six  filaments  which  soon  afterward  unite,  into  a single 
cord.  The  nerve  then  passes  into  and  through  the  jugular  foramen,  in 
company  with  its  associated  nerves,  the  pneumogastric  and  spinal 
accessor}-.  While  passing  through  this  opening  in  the  skull,  it  presents 
a ganglionic  enlargement,  similar  to  those  of  the  posterior  spinal  nerve 
roots,  and  known  as  th e petrosal  ganglion,  from  its  occupying  a shallow 
depression  in  the  petrous  portion  of  the  temporal  bone.  At  the  situa- 
tion of  the  petrosal  ganglion  it  gives  off  a small  branch,  the  “ nerve  of 
Jacobson,”  which  is  distributed  to  the  mucous  membrane  of  the  tym- 
panum and  Eustachian  tube,  and  sends  a filament  of  communication  to 
the  otic  ganglion  of  the  sympathetic  system.  The  trunk  of  the  glosso- 
pharyngeal nerve  then  passes  downward  and  forward,  receiving  branches 
of  communication  from  both  the  facial  and  the  pneumogastric  nerves, 
after  which  it  separates  into  two  main  divisions,  one  of  which  is  des- 
tined for  the  tongue,  the  other  for  the  pharynx ; a double  distribution, 
to  which  the  nerve  owes  its  name.  The  portion  passing  to  the  tongue 
is  distributed  to  the  mucous  membrane  of  the  posterior  third  of  this 
organ,  namely,  to  that  portion  situated  behind  the  V-shaped  row  of  cir- 
cumvallate  papillae,  and  to  these  papillae ; it  also  supplies  filaments  to 
the  tonsils  and  to  the  mucous  membrane  of  the  pillars  of  the  fauces  and 
of  the  soft  palate..  The  remaining  portion  of  the  nerve  is  distributed 
to  the  mucous  membrane  of  the  pharynx  and  certain  of  the  adjacent 
muscles,  namely,  the  digastric  and  stylopharyngeal  muscles,  by  union 
with  a branch  of  the  facial  to  the  styloglossal  muscle,  and  by  union 

1 Gray  Substance  of  the  Medulla  Oblongata  aud  Trapezium.  Washington, 
1864,  p.  80. 
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with  branches  of  the  pneumogastric  to  the  mucous  membrane  and  the 
superior  and  middle  constrictors  of  the  pharynx.  The  muscles,  accord- 
ingly, to  which  this  nerve  is  directly  or  indirectly  distributed  are  those 
by  which  the  tongue  is  drawn  backward  (styloglossal),  the  larynx  and 
pharynx  elevated  (digastric  and  stylopharyngeal),  and  the  upper  part 
of  the  pharynx  contracted  (superior  and  middle  constrictors) ; that  is, 
those  concerned  in  the  act  of  deglutition. 

Physiological  Properties  of  the  Glossopharyngeal.— The  glossopha- 
ryngeal nerve  is  evidently  for  the  most  part  a nerve  of  sensibility.  Its 
origin  from  the  tract  of  gray  matter  in  the  medulla  oblongata  correspond- 
ing^ the  posterior  horns  of  gray  matter  in  the  spinal  cord,  the  distinct 
ganglion  located  upon  its  trunk  in  the  jugular  foramen,  and  the  fact  that 
it  is  mainly  distributed  to  the  mucous  membranes  of  the  tongue  and 
pharynx,  all  indicate  its  resemblance  in  anatomical  arrangement  to  other 
well  known  sensitive  nerves  or  nerve  roots.  The  result  of  direct  experi- 
ment corroborates  this  view.  Longet,  in  irritating  the  glossopharyngeal 
nerve  within  the  cranium,  was  never  able  to  produce  muscular  contrac- 
tion; and  although  Chauveau,  in  experimenting  upon  this  nerve  m the 
same  situation  in  recently  killed  animals,  saw  its  galvanization  followed 
by  contraction  of  the  upper  part  of  the  pharynx,  the  effect  may  have 
been  due  to  reflex  action,  since  the  nerve  was  still  in  connection  with 
the  medulla  oblongata.  This  conclusion  is  rendered  certain  by  the  in- 
vestigations of  Reid,1  who  found  that  irritation  of  the  glossopharyngeal 
nerve  produced  movements  of  the  throat  and  lower  part  of  the  face ; 
but  that  these  movements  were,  in  a great  measure,  reflex  and  not 
direct,  since  they  were  also  produced  after  the  nerve  had  been  divided, 
bv  applying  the  irritation  to  its  cranial  extremity.  Its  sensibility  to 
mechanical  or  galvanic  irritation,  however,  appears  to  be  of  a low  grade, 
as  compared  with  that  of  the  trigeminal  nerve.  While  some  observers 
f Reid)  found  its  irritation  in  the  living  animal,  outside  the  jugular  fora- 
men, dve  rise  to  evident  signs  of  pain,  others  (Panizza)  have  failed  to 
see  any  indications  of  suffering  from  this  cause ; and  others  still  (Longet) 
speak  of  the  signs  of  pain,  thus  produced,  in  a more  or  less  uncertain 
manner.  This  variation  in  the  observed  results  is  sulficient  to  show  the 
inferior  capacity  of  the  glossopharyngeal  nerve  for  the  receipt  of  pain  u 
impressions;  since  no  experimenter  has  ever  doubted  the  acute  sensibi  ity 

of  the  fifth  pair.  . „ .. 

But  notwithstanding  the  comparative  deficiency  of  the  nerve 
and  the  parts  to  which  it  is  distributed,  in  ordinary  sensibility,  it  selves 
to  transmit  sensitive  impressions  of  a special  character .winch  -com 
nected  with  two  different  but  associated  functions,  namely . 1.  The  sense 
of  taste  and,  2.  The  reflex  act  of  deglutition. 

Connect  w*k  the  Sense  of  Taste.- The  power  of  ; senino 

tions  of  taste  exists  not  only  in  tire  anterior  portion  of  the  tongue  which 

■ Todd's  Cyclopedia  of  Anatomy  and  Physiology.  Article,  Glossopharyngeal 
Nerve. 
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contains  filaments  derived  from  the  lingual  branch  of  the  fifth  pair,  but 
also  at  the  base  of  the  organ,  throughout  its  posterior  third,  and  in  the 
mucous  membrane  of  the  arches  of  the  palate,  which  are  supplied  only 
by  the  fibres  of  the  glossophaiyngeal.  The  difference  between  these  two 
regions  is  that  while  that  supplied  by  the  fifth  pair  possesses  tactile 
sensibility  of  a high  grade  in  addition  to  that  of  taste,  in  the  posterior 
region  the  general  sensibility  is  less  acute  than  the  special  sensibility  to 
impressions  of  taste.  The  appreciation  of  savors  is  provided  for  by 
both  the  lingual  and  glossopharyngeal  nerves,  each  in  its  separate  de- 
partment of  the  oral  cavity.  The  sense  of  taste  accordingly,  in  the 
experiments  of  Reid,  was  never  completely  abolished  by  division  of 
either  one  of  these  nerves.  For  its  complete  suspension,  both  of  them 
must  be  destroyed  on  both  sides.  The  method  adopted  by  Longet  for 
examining  the  condition  of  the  taste  in  dogs,  before  and  after  division 
of  the  glossopharyngeal  nerves,  was  to  place  upon  the  base  of  the  tongue 
a few  drops  of  a concentrated  solution  of  colocynth.  Although  this 
always  produced  in  the  animals,  while  in  their  natural  condition,  mani- 
fest signs  of  disgust,  it  had  no  such  effect,  as  a general  rule,  after  sec- 
tion of  the  glossopharyngeal  nerves  on  both  sides,  provided  the  solution 
were  applied  only  to  the  posterior  part  of  the  tongue  and  the  pharynx ; 
while  it  even  a minute  quantity  came  in  contact  with  the  tip  or  edges 
of  the  tongue  it  caused  brisk  movements  of  the  jaws  with  all  the  in- 
dications of  a sense  of  repugnance.  While  in  the  anterior  and  more 
movable  parts  of  the  tongue,  accordingly,  the  sensations  of  taste  are 
appreciated,  during  the  process  of  mastication,  by  the  filaments  of  the 
lingual  nerve  which  are  distributed  there,  the  glossopharyngeal  is  the 
nerve  of  taste  for  the  posterior  part  of  the  organ.  It  is  called  into  ac- 
tivity after  mastication  is  accomplished  and  at  the  moment  when  the 
food  is  carried  backward  and  compressed  by  the  base  of  the  tongue,  the 
pillars  of  the  fauces,  and  the  walls  of  the  pharynx. 

Connection  with  the  Reflex  Act  of  Deglutition. — In  the  fauces  and 
phaiynx,  the  glossopharyngeal  nerve  also  possesses  a peculiar  sensibility 
to  certain  impressions,  which  excite  at  once  the  muscles  of  the  neigh- 
boring parts  and  bring  into  play  the  complicated  mechanism  of  degluti- 
tion. Ihis  consists  in  drawing  backward  and  upward  the  base  of  the 
tongue,  thus  bringing  the  masticated  food  into  and  through  the  isthmus 
of  the  fauces.  The  muscles  of  the  pillars  of  the  fauces  (palatoglossal 
and  palato-pharyngeal)  afterward  contract  and  close  the  opening  of  the 
isthmus,  while  the  soft  palate  is  drawn  backward  and  extended  across 
the  upper  end  of  the  pharynx,  thus  shutting  off  its  communication  with 
the  posterior  nares ; and  the  contraction  of  the  constrictor  muscles  of 
the  pharynx  then  forces  its  contents  downward  into  the  beginning  of  the 
oesophagus.  This  process  is  an  involuntary  one.  Both  the  contraction 
of  the  special  muscles,  and  their  regular  co-ordination  in  the  necessary 
series  of  successive  movements,  are  actions  which  do  not  depend  on  the 
exercise  of  the  will,  but  which  take  place  even  in  a state  of  unconscious- 
ness under  the  stimulus  supplied  by  contact  of  food  or  liquids  with  the 
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inner  surface  of  the  fauces  and  pharynx.  rlhis  contact  produces  an  im- 
pression which  is  conveyed  by  the  glossopharyngeal  nerve  inward  to  the 
medulla  oblongata,  whence  it  is  reflected  outward  in  the  form  of  a motor 
impulse.  The  sensibility  which,  by  the  contact  of  masticated  food  or 
nutritious  liquids,  thus  produces  the  movements  of  swallowing,  if  sub- 
jected to  the  influence  of  nauseous  or  irritating  substances,  will  cause  an 
inverted  muscular  reaction,  equally  involuntary  in  character. 

Natural  stimulants,  therefore,  applied  to  the  mucous  membrane  of  the 
pharynx,  excite  deglutition;  unnatural  stimulants  excite  vomiting.  If 
the  linger  be  introduced  into  the  fauces  and  pharynx,  or  if  the  mucous 
membrane  of  these  parts  be  irritated  by  tickling  with  the  end  ot  a 
feather,  the  sensation  of  nausea,  conveyed  through  the  glossopharyngeal 
nerve,  is  sometimes  so  great  as  to  produce  immediate  vomiting.  This 
method  may  be  employed  in  cases  of  poisoning,  when  it  is  desirable  to 
excite  vomiting  rapidly,  and  when  emetic  medicines  are  not  at  hand. 

Motor  Properties  of  the  Glossopharyngeal.— Although  this  nerve  is 
shown,  by  the  result  of  observation,  to  be  exclusively  sensitive  at  its 
origin  it  is  found,  if  examined  outside  the  cavity  of  the  cranium,  to 
possess  motor  properties.  In  the  experiments  of  Herbert  Mayo  upon 
the  ass,  confirmed  by  those  of  Longet  on  the  horse  and  the  dog,  irritation 
of  this  nerve  in  the  neck  produced  contraction  in  the  stylopharyngea 
muscles  and  in  the  upper  part  of  the  pharynx.  These  movements  were 
not  the  result  of  reflex  action,  but  were  excited  through  the  nerve  fiom 
within  outward;  since,  in  the  experiments  of  Longet,  they  were  called 
out  after  the  nerve  had  been  divided,  by  applying  the  irritation  to  its 

peripheral  extremity.  . „ 

The  glossopharyngeal,  therefore,  after  its  exit  from  the  jugular  fora- 
men, is  a mixed  nerve.  In  addition  to  its  own  original  sensitive  fila- 
ments it  has  received  a branch  of  communication  from  the  facial  which 
is  undoubtedly  of  a motor  character,  and  also  a branch  from  the  pneu- 
mogastric. The  pneumogastric  branch  is  also  regarded,  on  anatomical 
arounds,  as  really  made  up,  wholly  or  in  part,  of  motor  fibres  derived 
from  the  spinal  accessory,  through  its  anastomosis  with  the  pneumogas- 
tric According  to  Cruveilhier,  it  sometimes  comes  directly  and  exclu- 
sively from  the  anastomotic  branch  of  the  spinal  ^so^someto^ 
partly  from  this  and  partly  from  the  pneumogastric  itself.  The  results 
obtained  by  experiment  also  indicate  a double  source  for  the  motor 
fibres  which  join  the  glossopharyngeal  before  its  exit  from  the  ski  . 
If  these  fibres  were  derived  exclusively  from  the  facial  or  exclusive  y 
from  the  spinal  accessory,  the  division  or  destruction  of  one  01  the 
other  of  these  nerves  above  its  communicating  branch  would  abolish 
t re  °y  the  n.otor  power  of  the  glossopharyngeal  But  the  exp— 
Of  Bernard  upon  rabbits,  in  which  the  facial  nerve  was  divided  in  the 
aqueduct  of  Fallopius,  and  those  of  Bernard  and 

rabbits,  in  which  the  spinal  accessory  was  destroyed  on  both  sides 
show  that  the  process  of  deglutition,  though  more  or  less  retarded, 
not  abolished  by  either  of  these  operations. 
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Beside  the  anastomotic  branches  received  by  the  glossopharyngeal, 
near  its  origin,  from  the  facial  and  the  spinal  accessory,  it  also  has  com- 
munication with  both  these  nerves  near  its  peripheral  distribution.  It 
is  joined  by  a branch  of  the  facial,  which  accompanies  it  to  the  stylo- 
glossal  muscle,  and  perhaps  also  to  the  pillars  of  the  fauces;  and,  accord- 
ing to  Cruveilhier,  a branch  derived  from  the  spinal  accessory  takes 
part  in  the  formation  of  the  pharyngeal  plexus  which  supplies  the  upper 
constrictor  muscles  of  the  pharynx.  The  process  of  deglutition,  there- 
fore, is  excited  at  its  commencement  by  sensitive  impressions  conveyed 
through  the  glossopharyngeal  nerve  ; but  its  movements  are  executed 
by  a reflex  impulse  transmitted  through  the  motor  fibres  of  several 
distinct  branches  of  communication. 

Tenth  Pair.  The  Pneiunogastric. 

The  pneumogastric  nerve,  remarkable  for  its  varied  and  extensive 
course  and  the  distribution  of  its  fibres  to  a number  of  different  locali- 
ties, has  received  its  name  from  the  two  most  important  organs  in  which 
it  terminates,  the  lungs  and  stomach.  It  arises  from  the  side  of  the 
medulla  oblongata  by  a series  of  from  ten  to  fifteen  separate  filaments, 
arranged  in  a linear  series,  continuously  with  those  of  the  glossopha- 
ryngeal. The  nucleus  from  which  these  fibres  take  their  origin  is  an 
extended  tract  of  gray  matter  running  in  a longitudinal  direction 
along  the  posterior  surface  of  the  medulla  oblongata,  just  outside  the 
lower  extremity  of  the  fasciculus  teres.  This  collection  of  gray  matter 
(Fig.  168,  No)  which  is  uncovered  by  the  divergence  of  the  posterior 
columns  of  the  cord,  and  is  thus  exposed  to  view  on  the  floor  of  the 
fourth  ventricle,  is  known  as  the  ala  cinerea.  At  its  anterior  ex- 
tremity it  covers,  and  is  continuous  with,  the  nucleus  of  the  preceding 
nerve,  the  glossopharyngeal ; and  at  its  posterior  extremity  it  joins 
that  of  the  following  nerve,  the  spinal  accessory.  From  its  deep  sur- 
face it  gives  out  the  fibres  of  origin  of  the  pneumogastric  nerve,  which 
run  downward  and  outward  through  the  substance  of  the  medulla,  and 
emerge,  as  above  mentioned,  in  a series  of  filaments  from  its  lateral 
surface. 

The  filaments  of  the  pneumogasti’ic,  after  leaving  the  side  of  the 
medulla  oblongata,  unite  into  a single  trunk  which  passes  out  of  the 
cranium,  in  company  with  the  glossopharyngeal  and  the  spinal  accessory, 
by  the  jugular  foramen  (Fig.  179).  Here  it  presents  upon  its  trunk  a gan- 
glionic swelling,  known  as  the  “jugular  ganglion.”  At  or  immediately 
beyond  the  situation  of  the  ganglion,  the  nerve  is  joined  by  an  important 
motor  branch  of  communication  from  the  spinal  accessory;  and  it  after- 
ward receives  filaments  from  four  other  sources;  namely,  the  facial,  the 
hypoglossal,  and  the  anterior  branches  of  the  fii’st  and  second  cervical 
nerves. 

While  passing  down  the  neck  the  pneumogastric  nerve  takes  part,  by 
an  anastomotic  branch,  in  the  formation  of  the  pharyngeal  plexus.  Its 
first  important  branch  of  distribution  is  the  superior  laryngeal  nerve , 
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which  runs  downward  and  forward,  penetrates  the  larynx  by  an  open- 
ing in  the  side  of  the  thyro-hyoid  membrane,  and  is  distributed  to  the 
mucous  membrane  covering  the  epiglottis  and  lining  the  interior  of  the 
laryngeal  cavity.  This  is  the  main  portion  of  the  nerve,  and  it  is  sensi- 
tive in  character;  providing  for  the  peculiar  sensibility  of  the  glottis  and 
epiglottis  and  for  that  of  the  inner  surface  of  the  larynx  in  general. 
The  nerve  gives  off,  however,  a small  muscular  branch  which  terminates 
in  the  inferior  constrictor  of  the  pharynx  and  in  the  crico-thyroid  mus- 
cle of  the  larynx.  It  also  supplies  several  filaments,  which  unite  with 
others  coming  from  the  great  sympathetic,  to  form  the  laryngeal  plexus  ; 
and  by  this  plexus  the  superior  laryngeal  branch  of  the  pneumogastric 
furnishes  filaments  to  the  upper  cardiac  nerves  of  the  cervical  portion 

of  the  sympathetic.  Other  filaments 
Fig.  179.  pass  0ff  from  the  trunk  of  the  pneumo- 

gastric while  passing  down  the  neck, 
which  also  join  the  cardiac  branches 
of  the  sympathetic,  and  which  in  some 
instances,  according  to  Cruveilhier,  pass 
directly  downward,  to  unite  with  the 
cardiac  plexus  beneath  the  concavity 
of  the  arch  of  the  aorta. 

The  next  branch  is  the  inferior 
lari/ngeal  nerve , which  separates  Irom 
the  trunk  of  the  pneumogastric  after 
entering  the  cavity  of  the  chest,  curves 
round  the  subclavian  artery  on  the 
right  side  and  the  arch  of  the  aorta  on 
the  left,  and  ascends,  in  the  groove 
between  the  trachea  and  oesophagus, 
to  the  larynx,  giving  off  branches  to 
the  oesophagus  and  the  inferior  con- 
strictor muscle  of  the  pharynx.  In 
the  larynx  it  is  distributed  to  all  the 
muscles  of  this  organ,  excepting  the 
crico-thyroid,  which  is  supplied  by  the 
superior  laryngeal.  The  larynx  is 
therefore  supplied  by  two  different 
branches  of  the  pneumogastric  nerve, 
which  are  mainly  distinct  from  each 
other  in  their  properties  and  functions. 
The  superior  laryngeal  branch  is  for 
the  most  part  a sensitive  nerve,  sup- 
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plying  the  mucous  membrane  of  the  larynx ; the  inferior  laryngeal 
branch  is  a motor  nerve,  and  is  essential  to  the  activity  of  nearly  all 
the  muscles  of  the  organ. 

After  entering  the  cavity  of  the  chest,  the  most  important  dependency 
of  the  pneumogastric  nerve  is  the  pulmonary  plexus , formed  by  the 
separation  of  the  nerve  into  a considerable  number  of  inosculating 
branches  which  send  their  terminal  filaments  along  ,tlie  course  of  the 
bronchi  and  their  subdivisions,  to  the  ultimate  bronchi  and  lobules  of 
the  lungs.  In  the  inferior  portion  of  the  chest,  the  inosculating  fila- 
ments on  both  sides  surround  the  oesophagus  with  the  oesophageal 
plexus , from  which  fibres  are  supplied  to  the  mucous  membrane  and 
muscular  coat  of  this  organ. 

The  two  pneumogastric  nerves,  after  being  reconstructed  by  the  union 
of  their  branches  below  the  pulmonary  plexus,  penetrate  the  cavity  of 
the  abdomen  and  spread  out  in  two  sets  of  gastric  branches , which 
supply  the  mucous  membrane  and  muscular  coat  of  the  stomach.  Those 
belonging  to  the  left  pneumogastric  nerve  supply  the  anterior  wall  of  the 
organ,  and,  extending  toward  the  right  as  far  as  the  pylorus,  send  a con- 
tinuation of  nervous  filaments  to  the  transverse  fissure  of  the  liner , into 
which  they  penetrate,  together  with  those  of  the  hepatic  plexus  of  the 
sympathetic  ; those  belonging  to  the  right  pneumogastric  send  filaments 
to  the  posterior  wall  of  the  stomach,  and  finally  communicate  with  the 
solar  plexus  of  the  sympathetic. 

The  pneumogastric  nerve,  therefore,  is  distributed,  by  its  various 
branches,  to  the  mucous  membranes  and  muscular  apparatus  of  the  pas- 
sages by  which  air  and  food  are  introduced  into  the  interior  of  the  body. 
It  also  forms  connection  at  several  points  with  branches  of  the  great 
sympathetic,  and,  through  it,  sends  fibres  to  the  central  organ  of  the  cir- 
culation, and  to  the  radiating  sympathetic  plexuses  of  the  abdominal 
organs. 

Physiological  Properties  of  the  Pneumogastric.— According  to  the 
results  obtained  by  Longet,  the  pneumogastric  is,  at  its  origin,  exclu- 
sively a sensitive  nerve.  Galvanic  irritation  applied  to  the  nerve  roots, 
carefully  separated  from  the  medulla  and  from  adjacent  filaments,  was 
not  found  to  produce  any  muscular  contractions ; but  when  applied  to 
the  trunk  of  the  nerve  at  a lower  level,  muscular  contractions  were 
leadily  excited.  At  this  situation  the  nerve  already  contains  motor 
fibres  derived  from  inosculation  with  the  spinal  accessory,  the-  facial  and 
the  hypoglossal,  and  from  the  loop  of  communication  between  the  two 
upper  cervical  nerves.  In  its  trunk,  accordingly,  it  has  the  characters 
of  a mixed  nerve,  and  is  capable  of  providing  both  for  movement  and 
sensibility  in  the  organs  to  which  it  is  distributed. 

I lie  sensibility  of  the  pneumogastric  nerve,  however,  to  mechanical 
irritation  and  to  painful  impressions,  is  but  slightly  marked,  as  shown 
by  the  experience  of  all  observers.  It  may  frequently  be  divided  in 
. midflle  of  kl'e  neck  in  the  living,  unetherized  animal,  without  any 
sign  of  pain  being  manifested ; and  this  want  of  reaction  is  at  times  so 
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complete  as  to  indicate  an  entire  absence  of  ordinary  sensibility.  This 
does  not  seem  to  be  invariably  the  case;  but  although  Bernard  has 
found  in  some  instances  a well-marked  sensibility  in  this  nerve,  and  in 
others  only  a very  indistinct  one,  it  is  not  possible  to  say  with  certainty 
upon  what  special  conditions  the  difference  depends.  As  a general 
rule,  the  pneumogastric  nerve  is  decidedly  deficient  in  that  kind  of  sen- 
sibility which  produces  pain  ; and  we. know  that  the  organs  to  which  it 
is  distributed  have  but  little  appreciation  of  tactile  impressions.  Never- 


theless, there  is  abundant  evidence  that  this  nerve  is  endowed,  in  its 
various  divisions,  with  sensibility  of  a peculiar  kind,  and  one  which  is  of 
the  highest  importance  for  the  due  performance  of  the  vital  functions. 

Connection  with  the  movements  of  Respiration.- — The  most  important 
endowment  of  the  pneumogastric  nerve  is  undoubtedly  that  by  which  it 
is  connected  with  the  reflex  movements  of  expansion  and  collapse  of 
the  chest  in  respiration.  Its  influence  in  this  respect  is  at  once  made 
evident  by  the  results  which  follow  the  division  of  both  nerves  in  their 
course  through  the  neck.  This  may  be  readily  done  in  adult  dogs  by 
etherizing  the  animal  and  exposing  the  nerves  in  the  middle  of  the  neck 
during  the  continuance  of  insensibility.  After  the  etherization  has 
passed  off,  and  the  circulation  and  respiration  are  restored  to  a quies- 
cent condition,  both  nerves  may  be  simultaneously  divided,  and  the 
effects  of  the  operation  observed. 

After  the  nerves  have  been  divided,  and  the  slight  disturbance  which 
immediately  follows  their  section  has  subsided,  the  most  striking  change 
produced  in  the  condition  of  the  animal  is  a diminished  frequency  in 
the  movements  of  respiration.  The  respirations  sometimes  fall  at  once 
to  ten  or  fifteen  per  minute,  becoming,  in  an  hour  or  two,  still  further 
reduced.  Respiration  is  performed  easily  and  quietly  ; and  the  animal, 
if  undisturbed,  remains  usually  crouched  in  a corner,  without  any  spe- 
cial sign  of  discomfort.  If  he  be  aroused  and  compelled  to  move,  the 
frequency  of  respiration  is  temporarily  augmented ; but  as  soon  as  he 
is  again  quiet,  it  returns  to  its  former  standard.  By  the  second  or 
third  day  the  respirations  are  often  reduced  to  five,  four,  or  even  three 
per  minute;  when  the  animal  usually  appears  very  sluggish,  and  is 
roused  with  difficulty  from  his  inactive  condition.  Respiration  is  also 
performed  in  a peculiar  manner.  The  movement  of  inspiration  is  slow, 
easy,  and  silent,  occupying  several  seconds  in  its  accompli  shmen  ; 
while  that  of  expiration  is  sudden  and  audible,  and  is  accompanied  y 
a well  marked  effort,  which  has,  to  some  extent,  a convulsive  character 
The  intercostal  spaces  sink  inward  during  tiie  lifting  of  the  ribs  ; and 
the  whole  movement  of  respiration  has  an  appearance  of  insufficiency, 
as  if  the  lungs  were  not  thoroughly  filled  with  air.  This  is  undoubtedly 
owing  to  a peculiar  alteration  in  the  pulmonary  texture,  which  has  by 
this  time  already  commenced. 

Death  takes  place  from  one  to  six  days  after  the  operation,  according 
to  the  age  and  strength  of  the  animal.  The  only  marked  symptoms 
which  accompany  - are  a steady  failure  of  the  respiration,  with  increas- 
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ing  sluggishness.  There  are  no  convulsions,  nor  any  evidences  of  pain. 
After  death  the  lungs  are  found  in  a peculiar  state  of  solidification. 
They  are  not  swollen,  but  rather  appear  smaller  than  natural.  They 
are  of  a dark  purple  color,  leathery,  and  resisting  to  the  touch,  destitute 
of  crepitation,  and  infiltrated  with  blood.  Pieces  of  the  lung  cut  out 
sink  in  water.  The  pleural  surfaces,  at  the  same  time,  are  bright  and 
polished,  and  their  cavity  contaius'no  effusion  or  exudation.  The  lungs 
are  simply  engorged  with  blood,  and,  to  a greater  or  less  extent,  empty 
of  air;  their  tissue  having  undergone  no  other  alteration. 

These  phenomena  point  to  the  pneumogastric  nerves  as  the  main 
channels  through  which  the  stimulus  which  excites  the  movements  of 
respiration  is  conveyed  inward  to  the  medulla  oblongata.  Respiration 
is  a reflex  act,  consisting,  like  other  nervous  manifestations  of  a similar 
character,  of  two  different  elements;  namely,  first,  an  impression  con- 
veyed from  without  inward  by  a sensitive  nerve  to  the  appropriate 
nervous  centre ; and,  secondly,  of  a motor  impulse  transmitted  thence 
through  motor  nerves  to  the  muscular  apparatus.  But  by  dividing  the 
pneumogastric  nerves  in  the  neck,  neither  the  intercostal  muscles  nor 
the  diaphragm  are  paralyzed.  The  muscular  apparatus  which  effects 
the  expansion  oi  the  lungs  remains  untouched,  and  yet  the  movements 
of  respiration  become  gradually  slower  until  they  cease  altogether.  At 
the  same  time  the  disturbance  of  respiration,  under  these  circumstances, 
although  sufficient  to  produce  death  after  a short  interval,  is  not  accom- 
panied by  any  apparent  sense  of  suffocation.  The  retarded  breathing, 
and  the  consequent  imperfect  aeration  of  the  blood,  are  not  felt  by  the 
animal,  and  he  accordingly  makes  no  attempt  to  compensate  for  them 
by  voluntary  effort. 

In  dividing  the  pneumogastric  nerves,  therefore,  it  is  not  the  motor, 
but  the  sensitive  element  in  the  reflex  act  of  respiration  which  is  inter- 
fered with.  The  experiments  of  Waller  and  Prevost1  show  conclusively 
that  this  is  the  part  performed  by  the  nerves  in  question.  In  these 
experiments  the  pneumogastric  nerve  was  exposed  in  the  living  dog, 
and  divided  in  its  course  down  the  neck;  after  which,  galvanization  of 
its  central -extremity  produced  a succession  of  forcible  inspirations  and 
expirations,  expelling  the  air  through  the  trachea  with  an  audible  sound. 

1 he  respiratory  impulse,  therefore,  is  propagated  through  the  pneu- 
mogastric nerve  in  a centripetal,  not  in  a centrifugal  direction.  The 
impression  which  normally  originates  in  the  lungs,  and  is  thence  con- 
M;\ed  thiough  these  nerves  to  the  medulla  oblongata,  produces  in  the 
nervous  centre,  though  unperceived  as  a conscious  sensation,  the  stimu- 
lus which  calls  into  activity  the  muscles  of  respiration.  If  this  impres- 
sion be  not  at  once  satisfied  by  filling  the  lungs  with  air,  it  increases  in 
intensity ; and  if  the  breath  be  voluntarily  suspended  or  forcibly  ob- 
structed, the  impression  soon  becomes  perceptible  as  a sensation  of 
distress,  or  “ demand  for  breath,”  which  reacts  upon  the  entire  system. 

' -Archives  de  Physiologie  normale  et  pathologique.  Paris,  1870,  p.  190. 
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On  the  other  hand,  if  the  pneumogastric  nerves  be  cut  off,  the  customary 
impression  is  no  longer  conveyed  from  the  lungs  to  the  medulla,  and 
the  movements  of  respiration  are  consequently  retarded.  The  imperfect 
aeration  of  the  blood  thus  induced  reacts  in  turn  upon  the  medulla,  as 
well  as  upon  the  other  nervous  centres,  diminishing  its  sensibility,  and 
rendering  it  less  able  to  respond  to  impressions  of  any  kind.  Thus  the 
difficulty,  which  consists  in  a want  of  the  nervous  reaction  necessary 
tor  respiration,  increases  from  hour  to  hour,  the  breathing  becomes  con- 
stantly more  imperfect  and  sluggish,  and  at  last  ceases  altogether,  lhe 
alteration  in  the  tissue  of  the  lungs,  their  engorgement  and  solidifica- 
tion, add  to  the  difficulty  in  aeration  of  the  blood,  and  probably  have, 
at  last,  a considerable  share  in  producing  the  fatal  result. 

It  is  evident,  however,  that  the  pneumogastric  nerves,  although  the 
principal  means  for  conveying  to  the  medulla  the  stimulus  for  respira- 
tion, are  not  the  only  ones.  If  they  were  so,  respiration  would  stop 
instantly  after  section  of  these  nerves,  as  it  does  after  destruction  of  the 
medulla  itself.  The  lungs  are,  no  doubt,  especially  sensitive  to  the  want 
of  oxygen  and  accumulation  of  carbonic  acid  in  the  blood  ; and  the 
nervous  impression  thus  produced  is  accordingly  first  felt  in  them. 
There  is  reason  to  believe  that  all  the  vascular  organs  are  more  or  less 
capable  of  originating  this  impression,  and  that  all  the  sensitive  nerves 
are  capable,  to  some  extent,  of  transmitting  it.  Although  the  first  dis- 
agreeable sensation,  on  holding  the  breath,  makes  itself  felt  m t e 
lungs,  yet  if  we  persist  in  suspending  respiration,  the  feeling  of  dis- 
comfort soon  spreads  to  other  parts  ; and  at  last,  when  the  accumu  a- 
tion  of  carbonic  acid  has  become  excessive,  all  parts  of  the  body  are 
pervaded  by  a general  feeling  of  distress.  It  is  easy,  therefore,  to  under- 
stand why  respiration  should  be  retarded,  after  section  of  the  pneumo 
gastrics,  since  the  chief  source  of  the  stimulus  to  respiration  is  cut  ofl; 
but  the  movements  still  go  on,  though  more  slowly  than  before,  because 
the  other  sensitive  nerves,  which  continue  to  act,  are  m some  measure 
finable  of  conveying  a similar  impression.  # 

‘ In  order  that  the  movements  of  respiration  should  go  on  with  the 
reciuisite  frequency  to  maintain  the  aeration  of  the  hlood,  it  is  necessary 
Sr^pneunrogastrio  nerves,  which  are  especially  endowed  with  this 
Sml  of  sensibility,  retain  their  integrity  as  nervous  conductors  between 
the  lanes  and  the  medulla  oblongata.  In  this  function,  they  act  alto- 
nether  a°s  sensitive  nerves;  while  the  muscles  of  respiration  receive 
their  reflex  motor  stimulus  by  way  of  the  spinal  nenes. 

Connection  with  the  Respiratory  Movements  of  the 
respiratory  movements  of  the  glottis,  already  described  m a foirne 
chapter  (p.  277)  are  essential  parts  of  the  mechanism  o respna  10  . 
They  consist  in  the  active  opening  of  the  glottis  in  inspiration,  followed 
by  its  partial  collapse  at  the  time  of  expiration. 

glottis,  which  is  requisite  for  the  free  admission  of  an  m o the  tmche 
fs  effected  by  the  action  of  the  posterior  cnco-arytenoid  muscles.  1 he 
muscles'  1 ^contracting,  rotate  the  arytenoid  cartilages  outward,  and 
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thus  separate  the  vocal  chords  from  each  other  and  largely  increase  the 
transverse  diameter  of  the  orifice  of  the  glottis.  When  they  relax  at 
the  time  of  expiration,  the  arytenoid  cartilages  return  to  their  former 
position,  and  the  opening  of  the  glottis  is  again  narrowed  by  the  passive 
approximation  of  the  vocal  chords.  As  the  movements  of  expansion 
are  accomplished  by  the  action  of  the  laryngeal  muscles,  they  depend 
upon  the  influence  of  the  pneumogastric  nerve  and  its  inferior  laryngeal 
branch. 

Both  the  movements  of  the  glottis  in  respiration  and  their  dependence 
upon  nervous  influence  may  be  seen  in  the  dog  by  means  of  an  operation 
which  consists  in  making  a dissection  along  the  side  of  the  neck,  in 
such  a way  as  to  expose  the  pharynx  and  a considerable  portion  of  the 
oesophagus.  The  superior  laryngeal  nerve  on  that  side  is  necessarily 
cut  across,  but  the  inferior  laryngeal,  as  well  as  the  trunk  of  the  pneu- 
mogastric, are  left  uninjured.  By  a longitudinal  incision  through  the 
pharynx  and  oesophagus,  the  upper  and  posterior  surfaces  of  the  larynx 
aie  then  exposed,  and,  notwithstanding  the  previous  division  of  the 
supe*  *°i  laryngeal  nerve,  the  alternate  movements  of  expansion  and 
collapse  of  the  glottis  are  seen  going  on  in  their  natural  order,  and 
keeping  pace  with  the  corresponding  respiratory  movements  of  the 
chest.  If  now  the  inferior  laryngeal  nerve  be  divided  upon  either  the 
light  01  the  left  side,  the  vocal  chord  of  that  side  becomes  motionless, 
while  that  of  the  opposite  side  continues  to  move  as  before.  If  the  re- 
maining laryngeal  nerve  be  divided,  all  movements  of  expansion  in  the 
vocal  chords  instantly  cease  ; and  the  same  effect  is  produced  by  section 
of  both  pneumogastric  nerves  in  the  middle  of  the  neck,  since  the  in- 
ferior laryngeals  are  given  off  as  branches  below  that  point. 

If  the  section  of  both  pneumogastric  nerves,  or  of  their  inferior  laryn- 
geal branches,  be  made  simultaneously  under  these  circumstances  while 
the  breathing  is  tolerably  rapid,  the  injurious  effect  of  laryngeal  paralysis 
upon  respiration  at  once  becomes  manifest.  Both  vocal  chords  beino- 
then  deprived  of  the  active  control  of  their  muscles,  the  borders  of  the 
lima  glottidis  are  left  in  a condition  of  passive  flexibility.  The}-  have 
not  only  lost  the  power  of  separating  from  each  other  and  thus  opening 
the  glottis  at  the  time  of  inspiration,  but  they  are  also  drawn  downward 
and  inward  by  the  current  of  air  passing  into  the  trachea,  and  thus,  like 
a double  membranous  valve,  they  occlude  more  or  less  completely  the 
orifice  of  the  glottis,  and  offer  a physical  obstacle  to  the  free  entrance 
o the  air.  In  very  young  animals,  where  there  is  but  little  rigidity  of 
the  laryngeal  cartilages,  the  occlusion  of  the  glottis  thus  produced  after 
section  of  the  inferior  laryngeal  nerves,  may  be  so  complete  as  to  produce 
immediate  death  by  suffocation;  in  adult  animals  the  occlusion  is  only 
partial,  but  is  still  sufficient  to  diminish  perceptibly  the  capacity  of  res- 
piration. 

The  natural  movements  of  the  glottis  in  breathing  are  therefore 
reversed  after  section  of  the  inferior  laryngeal  nerves.  Before  this 
operation,  in  the  normal  condition,  the  glottis  is  opened  at  inspiration 
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and  collapses  in  expiration;  after  the  section  of  the  nerves,  it  is  nar- 
rowed in  inspiration  and  passively  opened  in  expiration  by  the  forcible 
expulsion  of  the  air.  The  effects  thus  produced  on  the  glottis,  by  division 
of  the  inferior  laryngeal  nerves,  are  the  same  with  those  which  take  place 
in  the  nostrils  after  division  of  the  facial  nerves.  Both  these  sets  of 
movements  are  connected  with  the  mechanism  of  respiration,  and  both 
are  influenced  in  a similar  manner  by  division  of  their  motor  nerves. 

As  the  laryngeal  muscles  are  necessarily  paralyzed  by  division  of  the 
pneumogastric  nerves  in  the  middle  of  the  neck,  the  effects  of  this  mus- 
cular paralysis  are  necessarily  added  to  those  which  result  from  in- 
terruption of  the  sensitive  function  of  the  pneumogastric  branches  in 
the  lungs.  In  very  young  animals,  as  mentioned  above,  the  effects  due 
simply  to  laryngeal  paralysis  are  more  marked  than  in  adults , am 
order  to  determine  the  extent  of  its  influence  upon  the  lungs  we  have 
performed  a comparative  experiment,  in  the  following  manner.  Two 
pups  were  taken  belonging  to  the  same  litter,  and  of  the  same  size  and 
vigor,  about  two  weeks* old.  In  one  of  them  (No.  1)  a section  was  rnaffe 
of  both  pneumogastric  nerves  in  the  middle  of  the  neck , m e 
(No.  2),  the  inferior  laryngeal  nerves  only  were  divided,  the  pneumog  - 
tries  beino-  left  untouched.  In  No.  1,  therefore,  the  natural  s imulus  to 
respiration  was  diminished  at  the  same  time  that  the  muscles  of  i 
ta  ” Ze  paralyzed  ; in  No.  3,  there  was  laryngeal  paralysis  alone 
the  sensibility  to  the  demand  for  respiration  remaining  the  sa™.  Jo 
the  first  few  seconds  after  the  operation  there  was  but  ^tie  cliffeien^e  i 
the  condition  of  the  two  animals,  the  laryngeal  symptoms  being  most 
prominent  in  both.  There  was  the  same  obstruction  at  the  glottis  ovung 
to 'paralysis  of  the  laryngeal  mnseles,  the  same  difficnlty  of  rnsp.rat,^ 
mid  the  same  frothing  at  the  mouth.  Very  soon,  howevei,  m No.  1, 
respiratory0 movements  became  quiescent,  and  at  the  same  time  much 
£2  frequency,  falling  to  ten,  eight,  and  five  respirations  per 
n nute  as  usual  aftel  section  of  the  pnenmogastr.es ; while  in  No.  2 
the  respiration  continued  frequent  as  well  as  laborious,  and  the  general 

tie,,.  - On  pcs™. 

lndirectl^from^  the  diminished'  activity  of  respiration  and  imperfect 

aeration  of  the  blood. 
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Protection  of  the  Glottis  from  the  Intrusion  of  Foreign  Substances. — 
The  influence  of  the  pneumogastric  nerve  in  the  larynx  is  not  confined 
to  its  motor  action  upon  the  muscles ; it  also  supplies,  by  its  superior 
laryngeal  branch,  a peculiar  sensibility  to  the  mucous  membrane  of  these 
parts,  which  is  essential  for  the  protection  of  the  respiratory  passages. 
In  the  first  place,  it  stands  as  a sort  of  guard,  or  sentinel,  at  the  entrance 
of  the  larynx,  to  prevent  the  intrusion  of  foreign  substances.  If  a crumb 
of  bread  fall  within  the  aryteno-epiglottidean  folds,  or  on  the  edges  of 
the  vocal  chords,  or  upon  the  posterior  surface  of  the  epiglottis,  the 
sensibility  of  the  parts  excites  an  expulsive  cough,  by  which  the  foreign 
body  is  dislodged.  The  impression  received  and  conveyed  inward  by 
the  sensitive  fibres  of  the  superior  laryngeal  nerve,  is  reflected  upon  the 
expiratory  muscles  of  the  chest  and  abdomen,  by  which  the  movements 
of  coughing  are  accomplished.  Touching  the  above  parts  with  the  point 
of  a needle,  or  pinching  them  with  the  blades  of  a forceps,  will  produce 
the  same  effect.  This  reaction  is  dependent  on  the  sensibility  of  the 
laryngeal  mucous  membrane  ; and  it  can  no  longer  be  produced  after 
section  of  the  superior  laryngeal  branch  of  the  pneumogastric  nerve. 

Connection  with  the  Formation  of  the  Voice. — In  addition  to  its  func- 
tion in  the  mechanism  of  respiration,  the  larynx  is  also  an  organ  for 
the  production  of  vocal  sounds.  The  formation  of  the  voice  can  be 
studied  in  the  lower  animals  by  exposing  the  larynx  and  glottis  in  the 
manner  described  above,  and  in  man  by  the  use  of  the  laryngoscope ; 
that  is,  a small  mirror  held  at  a suitable  angle  at  the  back  of  the  pharynx 
in  such  a way  as  to  reflect  a more  or  less  complete  view  of  the  laryngeal 
orifice.  The  first  important  fact  to  be  observed  in  this  respect  is  that 
the  voice  is  formed  always  in  expiration,  never  in  inspiration.  It  is 
the  column  of  outgoing  air  which  is  set  in  vibration  to  produce  a vocal 
sound,  and  which  continues  and  modifies  its  resonance  while  passing 
through  the  pharynx,  mouth,  and  nasal  passages.  Secondly,  it  requires 
an  active  tension  and  close  approximation  of  the  vocal  chords,  so  that 
the  orifice  of  the  glottis  is  narrowed  to  a comparatively  minute  crevice. 
So  long  as  the  vocal  chords  preserve  their  relaxed  condition  during 
expiration,  nothing  is  heard  except  the  faint  whisper  of  the  air  passing 
through  the  cavity  of  the  larynx.  When  a vocal  sound,  however,  is  to 
be  produced,  the  chords  are  suddenly  made  tense  and  applied  closely  to 
each  other,  thus  diminishing  considerably  the  diameter  of  the  orifice: 
and  the  air,  driven  by  forcible  expiration  through  the  glottis,  in  passing 
between  the  vibrating  vocal  chords,  is  itself  thrown  into  vibrations  which 
produce  the  sound  required.  The  tone,  pitch,  and  intensity  of  this  sound 
vary  with  the  conformation  of  the  larynx,  the  degree  of  tension  and 
appioximation  ol  the  vocal  chords,  and  the  force  of  expiration.  The 
narrower  the  opening  of  the  glottis,  and  the  greater  the  tension  of  the 
chords,  the  more  acute  the  sound  ; while  a wider  opening  and  a less 
degree  of  tension  produce  a graver  note.  The  quality  of  the  sound  is 
also  modified  by  the  length  of  the  column  of  air  included  between  the 
glottis  and  the  mouth,  the  tense  or  relaxed  condition  of  the  walls  of  the 
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pharynx  and  fauces,  and  the  state  of  dryness  or  moisture  of  the  mucous 
membrane  lining  the  passages. 

The  actual  formation  of  the  voice,  or  the  production  of  sonorous 
vibrations,  takes  place,  therefore,  exclusively  in  the  larynx;  while 
articulation,  or  the  division  of  the  vocal  sound  into  words  and  phrases 
by  vowels  and  consonants,  is  accomplished  by  the  aid  of  the  lips, 
tongue,  teeth,  and  palate.  Consequently,  division  of  the  pneumogas- 
tric  nerve  or  of  its  inferior  laryngeal  branch  on  both  sides,  by  para- 
lyzing the  muscles  of  the  larynx  which  serve  to  approximate  and  extend 
the  vocal  chords,  produces  among  its  other  effects  a loss  of  voice.  Fur- 
thermore, as  the  two  functions  of  vocalization  and  aiticulation  are 
accomplished  by  distinct  nervous  and  muscular  actions,  they  may  be 
deranged  independently  of  each  other,  by  injury  or  disease  of  different 
parts  of  the  nervous  system.  That  of  articulation  is  regulated  by  the 
action  of  the  facial  and  hypoglossal  nerves  ; while  vocalization  is  under 


the  control  of  the  pneumogastric. 

Connection  with  Deglutition — The  reflex  act  of  deglutition,  which 
commences  in  the  fauces  and  pharynx  under  the  control  of  the  glosso- 
pharyngeal nerve,  is  continued  and  completed  by  the  lower  portion  of 
the  pharynx  and  the  tube  of  the  oesophagus.  These  parts  receive  both 
their  sensitive  and  motor  filaments  exclusively  from  the  pneumogastric 
nerve,  and  it  is  under  its  influence  that  the  food,  once  started  upon  its 
downward  passage,  is  conducted  by  the  peristaltic  action  of  the  msoph- 
agus  into  the  stomach. 

The  inferior  constrictor  muscle  of  the  pharynx  and  the  cervical  por- 
tion of  the  oesophagus  both  receive  filaments  from  the  inferior  laiyngeal 
nerve;  while  the  thoracic  portion  of  the  oesophagus  is  supplied  entirely 
from  the  trunk  of  the  pneumogastric.  Some  fibres  are  also  sent  to  the 
inferior  constrictor  of  the  pharynx  by  the  superior  laryngeal  nerve. 
Deglutition,  therefore,  becomes  incomplete,  as  shown  by  the  experiments 
of  Bernard  upon  dogs,  horses,  and  rabbits,  by  division  of  the  pneumo- 
o-astric  nerves  in  the  middle  of  the  neck.  The  masticated  food  is  still 
conveyed,  by  the  action  of  the  pharynx,  from  the  fauces  into  the 
oesophagus ; but  here  it  accumulates,  distending  the  inert  walls  of  the 
paralyzed  canal,  and  finding  its  way  into  the  stomach  only  in  small 
quantities  and  by  the  imperfect  effect  of  compression  from  above.  In 
the  natural  condition,  the  process  of  swallowing  is  a connected  series 
of  rapidly  succeeding  contractions,  beginning  at  the  fauces  and  ent  mg 
at  the  cardiac  orifice  of  the  stomach.  Each  portion  of  the  mucous 
membrane  receives  in  turn  a stimulus  from  the  contact  of  the  food 
which  is  followed  by  excitement  of  the  corresponding  muscles ; so  that 
the  alimentary  mass  is  carried  rapidly  from  above  downward  by  an 
action  which  is  reflex  in  character  and  independent  of  voluntary  control. 
Section  of  the  pneumogastric  nerves  destroys  at  once  sensibility  and 
motive  power  in  the  whole  of  the  (Esophagus,  and  thus  interferes  with 
complete  deglutition. 

There  is  no  doubt  that  the  sensitive  nerves  of  the  msophageal  mucous 
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membrane  take  their  share  in  exciting  the  action  of  its  muscular  coat. 
1 he  general  sensibility  of  this  canal,  however,  is  very  slight,  as  com- 
pared with  the  parts  above,  and  is  not  usually  sufficient  to  cause  a 
peiceptible  impression  from  the  food  in  the  act  of  swallowing.  Its 
muscular  contraction  takes  place,  as  a general  rule,  without  any  effect 
on  the  consciousness ; and  it  is  only  when  the  food  is  very  cold  or  very 
hot,  or  when  it  contains  pungent  or  irritating  ingredients,  that  its 
passage  through  the  oesophagus  produces  a distinct  sensation. 

It  appears  that  the  filaments  of  the  superior  laryngeal  nerve,  dis- 
tributed about  the  anterior  surface  of  the  epiglottis  and  borders  of  the 
laijmx,  take  an  active  part  in  exciting  the  movements  of  deglutition. 
In  the  experiments  of  Waller  and  Provost  on  dogs  and  cats,  galvaniza- 
tion of  the  superior  laryngeal  nerve  produced,  in  many  repeated  trials, 
rhythmical  movements  of  deglutition,  consisting  of  contraction  of  the 
pharynx  and  elevation  of  the  larynx,  followed  by  peristaltic  motion  of 
the  whole  length  ot  the  oesophagus.  All  the  sensitive  fibres  of  the 
pneumogastric,  therefore,  distributed  to  the  parts  concerned  in  the  act 
of  swallowing,  undoubtedly  assist  in  exciting  the  necessary  muscular 
contractions. 

Protection  of  the  Glottis  in  the  act  of  Deglutition. — As  the  larynx 
communicates,  by  its  superior  orifice,  directly  with  the  cavity  of  the  pha- 
rynx, and  as  all  solids  and  liquids,  in  the  act  of  swallowing,  necessarily 
pass  over  its  surface,  portions  of  the  food  would  be  constantly  liable  to 
find  their  way  through  the  rima  glottidis  into  the  respiratory  passages 
unless  there  were  some  provision  against  it.  The  epiglottis,  which 
stands  in  front  of  the  glottis  in  a nearly  upright  position,  and  which 
shuts  down  over  its  orifice  like  a cover  when  the  base  of  the  tongue  is 
drawn  back  at  the  time  of  deglutition,  might  seem  to  be  adapted  to 
secure  protection  in  this  respect 

Experience  shows,  however,  that  the  epiglottis  is  not  essential  for 
the  safety  of  the  glottis  in  deglutition.  The  entire  organ  may  be  cut 
oft  ill  clogs,  as  we  have  verified  by  repeated  experiments,  without  any  dif- 
ficulty being  afterward  exhibited  by  the  animal  in  swallowing  either 
liquid  or  solid  food  The  epiglottis,  furthermore,  is  an  organ  which 
exists  only  in  mammalians,  being  absent  in  all  the  remaining  classes  of 
vertebrate  animals.  In  birds  especially,  the  orifice  of  the  glottis  can  be 
readily  seen  on  opening  the  beak,  unprotected  by  anything  similar  to 
an  epiglottis,  and  performing  the  alternate  movements  of  expansion 
and  collapse  connected  with  respiration.  Finally,  the  existence  of  the 
epiglottis  in  man  does  not  prevent  foreign  substances  from  passing  into 
the  glottis  whenever  the  other  conditions  of  normal  deglutition  are  sus- 
pended  or  disturbed.  The  protection  of  the  glottis  against  the  entrance 
o solid  or  liquid  food  does  not  depend  upon  a mechanical  obstacle,  but 
upon  a definite  association  of  nervous  acts. 

rue  first  requisite  for  the  act  of  swallowing  is  the  suspension  of  respi- 

ZWn-  1 u1.8  ?keS  plaCe’  ,at  the  be£inning  of  deglutition,  by  a nervous 
influence  which  it  is  difficult  to  describe,  but  which  may  be  designated 
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as  an  « action  of  arrest.”  The  same  nervous  impression  which  excites 
by  reflex  action  the  constrictors  of  the  pharynx,  suspends  for  a time 
the  movements  of  inspiration.  This  effect  is  very  perceptible  in  the 
ordinary  act  of  swallowing,  and  was  witnessed  by  Waller  and  Prevost  in 
many  of  their  experiments  on  this  subject ; galvanization  of  the  centra 
extremity  of  the  superior  laryngeal  nerve  causing  immediate  relaxation 
of  the  diaphragm,  with  stoppage  of  its  movements.  . 

The  effect  of  the  arrest  of  breathing  upon  the  glottis  is  to  prevent  the 
customary  opening  of  its  orifice  at  the  time  of  inspiration.  As  the  res- 
piratory movements  of  the  glottis  are  coincident  with  those  of  the  chest, 
and  are  excited  and  maintained  by  the  same  nervous  influence,  t le 
impression  which  puts  a stop  to  one  suspends  the  other  also.  The  glot- 
tis consequently,  not  being  opened  at  the  time  the  food  enters  the 
pharynx,  its  liability  to  admit  any  portion  ot  the  alimentary  mass 
much  diminished  by  the  mere  fact  of  its  passive  condition  But 
condition  furthermore  allows  the  rima  glottidis  to  be  completely  closed 
by  the  contraction  of  the  inferior  constrictor  of  the  pharynx,  the 
active  muscle  in  the  apparatus  of  deglutition ; since  the > Abies  of ^ this 
muscle  are  attached  laterally  to  the  external  suiface  and  Bee 
of  the  thyroid  cartilage,  and  thus  compress  the  larynx  on  hoth  s.des  a 
the  moment  the  food  is  carried  downward  by  th eir  oonti :ae turn  tis 

by  this  means  alone  that  the  glottis  is  protec  e in  n s ‘ 
animals  where  the  epiglottis  is  wanting,  and  it  is  also  the  essential  part 
of  the  same  process  in  man  and  in  mammalians. 

The  accident  in  which  food  or  foreign  enhances  some  .mes  gam 
access  to  the  larynx  is  always  produced  by  a sudden  at  empt  at  m- 
soiration  This,  which  cannot  take  place  during  deglutition  in  the 

ordinary  condition  of  the  nervous  system  may  ■w**^*,^ 
in  many  instances  by  an  unexpected  shock  or  esc.  e nent  which  hstmbs 
momentarily  the  harmonious  co-ordina  ion  of  the  efi ks ac 
sudden  impression  produces  in  A “ ' ,3  c,mtailie(, 

movement  of  inspiration  i and  if  thm  take  pirn,  ^ ^ ^ 

with'the  ciirrent  of  air,  through  the  widely  open  orifice ^ of  the  glottis^ 
Connection  with  the  Stomach  and  Stomach  ^ 

produced  upon  the  stomach  “^fe  ruion  tto  organ  is  in  the  main 
gastric  nerve  shows  that  its  i > that  is,  it  confers  on 

similar  to  that  which  it  exert.  ■ on  th ®soph  g ■ ^ of  food,  and 

its  mucous  membrane  a certain  senaiw  y * After  experi- 

provides  for  the  peristaltic  '^“^ae  mgion  of  the  neck, 

mental  section  of  both  1™®"'”°*^  remain . the  animals  often  exhibiting 
the  sensations  of  hunge  «.  etimes  taking  it  in  considerable 

a desire  for  food  anc  cun  , am  the  stomach,  owing  to  the 

quantity,  although  htt  , < , oesophagus.  In  the  experiments 

paralysis  of  the  muscular  wa  . o-astric  juice  was  suspended  after 

of  Bernard  on  dogs,  ^ ° the  stomach  through  a gastric 

this  operation,  and  food  lntroctuceu 


THE  PNEUMOGASTRIC. 


569 


fistula  remained  undigested.  But  Longet  has  found  that  if  food  be 
introduced  under  these  circumstances  in  small  quantity,  it  may  cause 
the  secretion  of  gastric  juice,  and  may  be  finally  digested  and  absorbed. 
These  results  indicate  that  the  functions  of  secretion  and  digestion  in 
the  stomach  are  not  immediately  under  the  control  of  the  pneumogastric 
nerve,  but  that  they  become  deranged  after  its  section  and  practically 
suspended,  owiug  to  the  indirect  influence  of  other  causes. 

On  the  other  hand,  the  muscular  contractions  of  the  organ  and  the 
sensibility  of  its  mucous  membrane  are  both  directly  abolished  by 
division  of  the  pneumqgastri.es.  According  to  the  observations  of 
Bernard,  the  finger,  introduced  into  the  cavity  of  the  stomach  through 
a gastric  fistula  in  the  dog,  is  compressed  with  considerable  force  by 
the  walls  of  the  organ ; but  this  pressure  disappears  completely  if  the 
pneumogastric  nerves  be  divided.  The  absence  of  muscular  power  in 
the  paralyzed  stomach  is  of  itself  sufficient  to  account  for  the  failure 
of  digestion  when  the  influence  of  these  nerves  has  been  cut  off.  The 
peristaltic  action  of  the  organ  is  essential  to  the  digestive  process,  in 
order  to  bi’ing  successive  portions  of  the  food  in  contact  with  its  mu- 
cous membrane,  and  to  cause  the  intimate  admixture  of  the  gastric 
juice  with  all  parts  of  the  alimentary  mass.  The  natural  movement 
and  agitation  of  the  food,  by  the  action  of  the  muscular  coat,  is  no 
doubt,  also,  an  important  stimulus  to  the  continued  secretion  of  the 
gastric  juice ; and  when  it  no  longer  takes  place,  the  digestive  fluid  will 
necessarily  be  supplied  in  smaller  quantity.  It  is  evident,  therefore, 
that  the  pneumogastric  nerves  supply  to  the  walls  of  the  stomach  a 
certain  amount  of  sensibility  and  a motor  power,  which  are  practically 
essential  to  the  process  of  digestion. 

Influence  on  the  Action  of  the  Heart. — The  pneumogastric  nerve,  as 
already  shown,  gives  off  a number  of  filaments  which  are  destined  for 
the  cardiac  plexus,  and  ultimately  for  distribution  in  the  substance  of 
the  heart.  One  or  two  of  these  filaments  come  from  the  superior 
laryngeal  branch  of  the  pneumogastric,  and  immediately  join  the  upper 
cardiac  nerve  derived  from  the  superior  cervical  ganglion  of  the  sympa- 
thetic. Sevei’al  others  are  furnished  by  the  main  trunk  of  the  pneumo- 
gastric in  the  neck,  which  inosculate  with  each  other  and  with  the  con- 
tinuation of  the  upper  cardiac  nerve.  The  inferior  laryngeal  branch,  in 
its  reascending  course  through  the  lower  part  of  the  neck,  supplies  so 
many  inosculating  filaments  to  the  same  plexus  of  cardiac  nerves  that, 
according  to  Cruveilhier,  it  appears  in  some  instances  to  be  distributed 
in  almost  equal  proportions  to  the  larynx  and  to  the  heart.  Finally 
other  small  branches  are  supplied  by  the  pneumogastric  in  the  cavity 
of  the  chest,  which  lose  themselves  at  once  in  the  cardiac  plexus  proper, 
beneath  the  arch  of  the  aorta.  All  the  filaments,  accordingly,  which 
are  finally  distributed  to  the  heart  through  the  cardiac  plexus,  originate 
from  the  sympathetic  and  the  pneumogastric  nerves ; and  the  entire 
group  is  characterized  by  the  frequent  and  intimate  admixture  of  the 
fibres  derived  from  these  two  sources.  A considerable  proportion  of 
37 
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the  cardiac  filaments  are,  therefore,  made  up  of  fibres  originally  belong- 
ing to  the  pneumogastric  nerve. 

The  effect  produced  upon  the  heart’s  action  by  irritating  the  pneumo- 
gastric in  the  region  of  the  neck  is  precisely  the  opposite  to  that  usually 
caused  by  irritating  the  nerves  going  to  a muscular  organ.  This  effect 
may  be  seen  by  opening  the  chest,  and  exposing  the  heart  to  view,  at  the 
same  time  that  the  pneumogastric  nerves  are  separated  from  their  con- 
nections in  the  neck  for  a sufficient  distance  to  apply  to  them  the  poles 
of  a galvano-electric  apparatus.  In  the  cold-blooded  animals,  as  the 
frog  or  the  turtle,  no  other  precaution  is  required;  in  the  dog  and 
other  warm-blooded  species,  artificial  respiration  must  be  maintained 
by  the  nozzle  of  a bellows  inserted  in  the  trachea. 

When  a galvano-electric  current  of  moderate  strength  is  applied  to 
the  pneumogastric  nerves  prepared  in  this  way,  the  cardiac  pulsations 
are  reduced  Lin  frequency  ; and  if  the  current  be  increased  in  strength, 
the  heart’s  action  stops  altogether,  and  remains  suspended  so  long  as 
the  stimulus  continues  to  be  applied  to  the  nerve.  When  the  galvani- 
zation ceases,  the  cardiac  pulsations  recommence ; and  the  same  thing 
may  be  repeated  for  an  indefinite  number  of  successive  trials. 

There  are  two  important  facts  to  be  noted  in  regard  to  these  effects 
of  irritating  the  pneumogastric : 

1.  When  the  heart  ceases  its  movements  under  the  galvanization  o 
the  nerves,  its  walls  are  not  in  a contracted  condition,  but  in  a state  of 
relaxation.  Neither  are  its  cavities  distended  with  blood;  but  the  organ 
simply  remains  quiescent,  lying  at  rest  without  any  indication  of  mus 


cular  activity. 

2.  If  the  pneumogastric  nerves  be  divided  at  their  point  of  exposure 
in  the  middle  of  the  neck,  and  if  the  central  extremities  be  galvanized, 
no  effect  is  produced  upon  the  heart.  But  if  the  stimulus  be  applied  to 
their  peripheral  extremities,  the  above  phenomena  are  reproduced,  the 
heart  remaining  flaccid  so  long  as  the  galvanization  is  continued,  ifie 
effect  in  question,  therefore,  is  not  due  to  reflex  action,  but  to  a direct 
influence  conveyed  through  the  pneumogastric  filaments  to  the  muscu- 
lar substance  of  the  heart.  This  conclusion  is  fully  confirmed  by  the 
fact  that  a similar  retardation  or  stoppage  of  the  cardiac  pulsations  is 
caused  in  frogs  and  turtles  by  galvanization  of  the  medulla  oblonga  a 
itself,  the  pneumogastric  nerves  remaining  entire  ; but  if  the  nerves  «e 
previously  divided,  no  such  effect  is  produced.  On  the  other  han  , 
division  of  the  pneumogastric  nerves,  or  sudden  destine  ion  o i 
medulla  oblongata,  causes  increased  rapidity  of  the  cardiac  pulsations. 
Section  of  these  nerves,  accordingly,  in  the  warm-blooded  amnia  s,  pi 
duces  opposite  effects  upon  the  respiration  and  the  pulse,  one  a 
accelerated  and  the  other  retarded.  According  to  Bernard,  these 
effects,  though  opposite  in  direction,  are  produced  m similar  propor- 
tions; so  that,  if  the  respirations  are  diminished  one-half,  the  caidiac 
pulsations  are  increased  to  double  their  former  frequency.  Thus  vhei 
the  influence  of  the  pneumogastric  nerve  is  cut  off,  the  mo  ions  o 
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heart  increase  in  rapidity;  when  it  is  stimulated,  they  experience  a 
retardation. 

This  influence,  exerted  upon  the  heart  by  the  pneumogastric  nerve,  is 
of  the  peculiar  kind  known  as  the  “action  of  arrest.”  Such  a power 
certainly  exists  in  the  nervous  system,  though  its  nature  is  not  easy 
of  explanation.  An  instance  of  it  has  already  been  given  in  the  fact, 
observed  by  Waller  and  Prevost,  of  suspension  of  the  movements  of 
the  diaphragm  by  galvanizing  the  trunk  of  the  superior  laryngeal  nerve. 
The  natural  stoppage  of  respiration  in  the  act  of  swallowing,  and  the 
relaxation  of  the  sphincters  preliminary  to  the  evacuation  of  the  rectum 
and  the  bladder,  are  effected  by  nervous  influences  of  a similar  kind. 
There  are  evidently  nervous  fibres  which  transmit  their  stimulus  di- 
rectly to  the  muscles,  and  which,  in  this  respect,  belong  to  the  category 
of  motor  nerves ; but  which,  when  called  into  activity,  instead  of  ex- 
citing muscular  contraction,  serve  to  moderate  or  even  suspend  it.  The 
most  palpable  instance  of  this  mode  of  action  is  that  of  the  pneumogas- 
tric nerves  in  their  relation  with  the  heart ; but  there  is  evidence  that 
it  occurs,  in  a more  obscure  manner,  in  various  other  parts  of  the 
nervous  system. 

Eleventh  Pair.  The  Spinal  Accessory. 

This  nerve,  which  has  received  its  name  from  the  singularity  of  its 
origin  and  subsequent  course,  consists  of  filaments  which  emerge  from 
the  side  of  the  cervical  portion  of  the  spinal  cord,  from  the  level  of  the 
fourth  or  fifth  cervical  nerve  upward  (Fig.  179,4).  These  filaments 
unite  into  a slender,  rounded  cord,  whicliWeends  in  a vertical  direction 
between  the  anterior  and  posterior  roots  of1  the  cervical  spinal  nerves, 
gradually  increasing  in  size  fronp  the  addition  of  new  root  fibres  from 
the  spinal  cord,  to  the  level  of -the  foramen  magnum,  where  it  enters  the 
cranial  cavity.  Here  it  receives  a new  supply  of  accessory  root  fibres 
from  the  side  of  the  medulla  oblongata,  which  emerge  in  a continuous 
line  with  those  of  the  pneumogastric  nerve.  The  nerve  trunk,  thus  con- 
stituted by  the  union  of  its  spinal  and  its  medullary  roots,  joins  the 
pneumogastric  and  glossopharyngeal  nerves  in  their  passage  through 
the  jugular  foramen. 

The  central  origin  of  the  root  fibres  of  this  nerve  is  a collection  of 
nerve  cells  situated  in  the  upper  portion  of  the  spinal  cord  and  the  com- 
mencement of  the  medulla  oblongata,  on  the  outer  and  posterior  aspect  of 
the  anterior  horn  of  gray  matter.  In  the  remainder  of  the  medulla,  this 
nucleus  is  situated  farther  backward,  receding  from  front  to  rear  with 
the  rest  of  the  gray  matter  in  this  part  of  the  nervous  centres.  At  its 
anterior  extremity,  it  becomes  continuous  with  the  nucleus  of  the  pneu- 
mogastric. From  the  gray  matter  of  its  nucleus,  the  fibres  of  the  spinal 
accessory  nerve  curve  downward  and  outward  until  they  emerge,  as 
above  mentioned,  in  a series  of  bundles,  from  the  lateral  surface  of  the 
medulla. 

While  passing  through  the  foramen  lacerum,  the  spinal  accessory 
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becomes  adherent  externally  to  the  jugular  ganglion  of  the  pneumogas- 

tric,  but  without  taking  any  part  in  its  formation,  except  by  furnishing 

one  or  two  small  filaments  of  communication.  Immediately  upon  its 

exit  from  the  foramen  it  divides  into  two  main  branches;  namely,  1st, 

the  internal,  or  anastomotic  branch,  which  joins  the  trunk  of  the  pneu- 

mogastric  and  becomes  more  or  less  intimately  blended  with  it,  and 

2dly  the  external , or  muscular  branch,  which  passes  downward  am 

outward  and  is  distributed  to  the  sterno-mastoid  and  trapezius  muscles. 

According  to  many  different  observers  (Bernard,  Cruveilhier,  Henle, 

Longet)  the  internal  or  anastomotic  branch  is  made  up  of  nerve  fibres 

comhig  from  the  medulla  oblongata;  the  external  or  muscular  branch 

consists  of  those  originating  from  the  spinal  cord. 

The  spinal  accessory  is  without  question  a motor  nerve.  Accoiding 

to  the  experiments  of  Longet  on  dogs,  its  mechanical  irritation  in  the 

cranial  cavity  does  not  give  rise  to  signs  of  pain,  and  although  Bernard 

found  evidences  of  sensibility  on  galvanizing  the  uninjured  nerve  m 

the  same  situation,  if  it  were  divided  and  the  irritation  applied  to  i s 

central  extremity  no  indications  of  sensibility  were  mamfes  . 

other  hand  its  fibres  may  be  traced  in  great  part  directly  to  t en  enni 

nation  in  muscular  tissues,  and  its  division  or  evulsion  induces  eflects 

which  consist  exclusively  in  loss  of  motive  power.  rirn. 

The  most  complete  method  of  experimenting  upon  ie  1 

duced  by  destruction  of  this  nerve  is  that  first  adopted  y e™al‘ » 

namely  its  evulsion.  For  this  purpose,  the  muscular  branch  of  the 

nerve  is  followed  by  dissection  from  without  to  its  point  of  cmeigence 

from  the  jugular  canal,  where  it  separates  from  the  anastomotic  blanch. 

The  combined  trunk  is  then  seized  between  the  blades  of  a forceps  a 

b a steady  and  continuous  traction  the  whole  of  the  nerve,  with  bo  h 

a b n -i,p  cpnarated  from  their  central 

its  medullary  and  spinal  roots,  may  be  sepaiateo i 

attachments  and  extracted  entire.  By  appropriate  vaiiations  of  the  p 

^Tther  the  medullary  portion  with  the  anastomatic  branch,  or  the 

cervical  portion  with  the  external  branch,  may  be  taken  away  sepal  7, 

and  the  comparative  effects  of  the  two  operations  oW«h  Be  when 

the  entire  trunk  is  extracted  as  above,  the 

both  for  anastomosis  with  the  pneumogastric,  and  for  the  muse 
branch  of  the  nerve,  is  destroyed  at  the  same  time.  . , ., 

The  most  striking  effects  of  this  operation  are  due  to  paralysis  o 
Ilie  most  bunvi  o branch  which  supplies  to  the 

shown  y c isse  Accordino.  to  Cruveilhier,  the  pharyngeal  filament  is 
spinal  access  y.  f • the  anastomotic  branch  of  the 

:i:T  A ^ - 

pneumogastric  itself.  Lessor,-  can  no  longer 

SS  with”eceVrtainty  by  means  of  dissection;  hut  the  results  of 
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experiment  show  that  they  are  Anally  distributed,  through  the  inferior 
laryngeal  branch,  to  the  muscles  of  the  larynx,  where  they  preside  over 
its  actions  as  a vocal  organ. 

After  the  spinal  accessory  nerve  has  been  torn  away  on  both  sides  in 
the  manner  above  described,  the  most  noticeable  result  is  a loss  of 
■power  to  produce  vocal  sowids.  The  other  movements  of  the  larynx 
are  not  interfered  with.  Especially  those  of  respiration  go  on  in  a natu- 
ral manner.  But  the  voice  is  completely  lost,  as  much  so  as  if  the  infe- 
rior laryngeal  nerves,  or  the  pneumogastric  trunks  themselves,  had  been 
divided.  The  difference  between  the  two  cases,  however,  it  very  impor- 
tant. Section  of  the  pneumogastrics,  or  of  their  inferior  laryngeal 
branches,  paralyzes  at  once  all  the  movements  of  the  glottis,  those  of 
lespiiation  as  well  as  those  of  phonation  ; since  these  nerves  contain  all 
the  motor  Abres  distributed  to  the  larynx,  except  those  of  the  crico-thy- 
loid  muscles.  On  the  other  hand,  section  or  evulsion  of  the  spinal 
accessory  nerves  paralyzes  the  movements  of  phonation  alone,  namely, 
those  in  which  the  vocal  chords  are  approximated  and  the  rima  glottidis 
nanowed,  while  it  leaves  untouched  the  movements  of  respiration,  in 
which  the  vocal  chords  are  separated  and  the  rima  glottidis  opened. 

Ihus  the  muscular  apparatus  of  the  larjuix,  which  is  destined  to  per- 
form separately  two  distinct  functions,  is  supplied  with  motor  nerves 
fiom  two  different  sources.  Those  which  preside  over  the  production 
ol  vocal  sounds  originate  exclusively  from  the  spinal  accessory  ; those 
which  excite  the  movements  of  respiration  are  derived  from  the  other 
motor  nerves  (facial,  hypoglossal,  cervical)  which  also  inosculate  with 
the  pneumogastrics. 

3 he  special  function  of  the  external  or  muscular  branch  of  the  spinal 
accessory  nerve  is  not  so  fully  understood.  The  stern o-mastoid  and 
tiapezius  muscles,  to  which  its  Abres  are  distributed,  also  receive  Ala- 
rnents  f rom  the  cervical  spinal  nerves ; and  they  still  retain  the  power 
ot  motion  after  division  or  evulsion  of  the  spinal  accessory  on  both 
sides.  The  sterno-mastoid  and  trapezius  muscles  have  no  such  peculiar 
and  easily  recognizable  mode  of  action  as  that  of  the  larynx  in  the  for- 
mation of  the  voice  ; and  consequently  it  has  not  been  easy  to  distin- 
guish with  certainty  what  special  movement  of  these  muscles  is  para- 
lyzed by  division  of  the  spinal  accessory,  and  what  remains  unaffected 
Ihe  most  plausible  conclusions  are  those  derived  by  Bernard  from 
continued  observation  of  animals  preserved  for  some  time  after  the 
division  of  these  nerves. 

According  to  this  explanation,  the  Abres  of  the  external  branch  of 
ie  spinal  accessory,  like  those  of  the  internal  branch,  perform  a func- 
tion which  is  antagonistic  to  the  movements  of  respiration.  Respira- 
tion is  naturally  suspended  in  all  steady  and  prolonged  muscular  efforts. 

In  the  acts  of  straining,  lifting,  pushing,  and  the  like,  respiration  ceases, 
the  spinal  column  is  made  rigid,  and  the  head  and  neck  are  placed  in  a 
Axed  position  largely  by  the  aid  of  the  sterno-mastoid  and  trapezius 
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muscles.  Such  efforts  cannot  be  made  with  success  if  the  muscles  m 
question  are  paralyzed.  In  the  lower  animals,  according  to  the  obser- 
vations of  Bernard,  they  also  take  part  in^the  production  of  a cry,  or 
prolonged  vocal  sound.  If  the  entire  spinal  accessory  be  destroyed,  as 
already  shown,  the  voice  is  completely  abolished  by  loss  of  power  *n 
the  laryngeal  muscles.  If  the  external  branch  alone  be  divided,  the 
animal  can  still  produce  a sound  in  the  larynx;  but  this  sound  cannot 
be  prolonged  into  a cry,  and  the  voice  is  confined  in  duration  to  the 
ordinary  length  of  an  expiratory  movement.  Although  the  animals, 
furthermore  are  not  apparently  inconvenienced  by  this  operation  so 
I"!  as  they  remain  quiet,  any  increased  exertion,  as  ...  runn.ng  or 
leaping  causes  a want  of  harmony  between  the  movements  of  resPn  a’ 
tion  and  those  of  the  limbs,  which  results- in  unusual  shortness 

bl ^The* stern o-mastoid  and  trapezius  muscles,  like  those  of  the  larynx, 
are  therefore  animated  by  two  sets  of  motor  nerve  fibres.  One  set, 
co mino-  from  the  cervical  spinal  nerves,  provides  for  all  the  movements 
connected  with  ordinary  changes  of  attitude  and  locomotion ; the 
others  derived  from  the  spinal  accessory,  supply  the  requisite  stimulus 
t conUnuous  muscular  exertion,  or  for  a prolonged  xocal  sound. 

Twelfth  Pair.  The  Hypoglossal. 

The  hypoglossal  nerve,  the  motor  nerve  of  the  tongue,  emerges  from 
the  anterior  part  of  the  medulla  oblongata  by  a linear  series  of  ten  or 
twelve  slender  filaments  in  the  furrow  between  the  outei  ec  ge 
anterior  pyramids  and  the  rounded  projection  of  the  ohvary  bodies 
fFio-  rttj).  The  vertical  line  along  which  these  filaments  make  the 
annearance  corresponds  exactly  with  the  line  of  origin  of  the  anterior 
Xonhe  cervical  spinal  nerves  below;  and  the  whole  external  aspect 
of  their  anatomical  relations  resembles  that  of  a motoi  neive  100  . 

T^e  central  origin  of  the  hypoglossal  root  fibres,  according  to 
Olnrke  Dean  Kolliker,  Henle,  and  Meynert,  is  a nucleus  of  gray  matte 
\ t the  oosterior  part  of  the  medulla  oblongata  next  the  median 
VtUaltdthe^riofextrem%  of  the  fourth  ventricle.  This  collection  of 
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upon  the  floor  of  the  fourth  ventricle,  on  each  side  of  the  median  line, 
the  longitudinal  eminence  known  as  the  “ fasciculus  teres.”  Its  root 
fibres  thence  run  downward  through  the  whole  thickness  of  the  medulla 


* 


Pig.  180. 


Transverse  Section  or  the  Human  Mebuila  Oblongata,  just  belowthe 
divergence  of  the  posterior  columns,  and  through  the  inferior  extremity  of  the  olivarv 
nucleus.— Oc.  Central  canal.  R.  Raphe.  No.  Olivary  nucleus.  Nh.  Nucleus  of  the  hypo- 
glossal nerve.  XII'.  Hypoglossal  nerve  roots.  Magnified  8 diameters.  (Henle.) 


at  this  part,  passing  for  some  distance  in  a nearly  vertical  plane,  and 
then  curving  outward,  to  reach  the  furrow  between  the  olivary  bodies 
and  the  anterior  pyramids,  where  they  emerge. 

During  the  passage  of  the  hypoglossal  nerve  roots  through  the  medulla 
oblongata,  they  pass  along  the  surface  of  the  olivary  nucleus,  between  it 
and  the  anterior  pyramid,  and  in  great  measure  between  the  folds  or 
even  ^through  the  substance  of  its  convoluted  wall.  It  is  shown  by 
Dean1  that  although  a direct  continuity  cannot  be  made  out  between 
the  root  fibres  of  the  nerve  and  the  stellate  cells  of  the  olivary  nucleus 
yet  prolongations  of  the  cells  can  sometimes  be  traced  for  a consider- 
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able  distance  upward  and  inward,  in  company  with  the  nerve  roots,  to- 
ward the  hypoglossal  nucleus ; and  in  the  sheep,  the  tracts  of  fibres  con- 
necting the  two  nuclei  are  very  evident.  According  to  Henle,  in  some 

Fig.  181. 


Transverse  Section  oe  * = nuoTe^rfipbe 

middle  of  the  hypoglossal  nucleus  and  the  olivary  ^ ^ ^neumoEa9tric  nerve. 

Ngl.  Nucleus  of  the  glossopharyngeal  nerve. . 1 rye  rootB.  XII.' Hypoglossal 

Nh  Nucleus  of  the  hypoglossal  nerve.  IX.  Glossopha  yg 

nerve  roots.  Magnified  8 diameters.  (Henle.) 

transverse  sections  through  the  hilnm,  or  opening  of  U«  oliv^bod.v 
(fig.  182),  fibres  from  the  hypoglossal  nerve  100  s mnj  a 

round  the  inner  border  of  the  nucleus  into  its  interior  i w hil r other  fib 
emerge  in  a corresponding  manner  from  the  opposrte  ed^  of  tte 
and  continue  onward,  with  the  main  rcKrbbunrties  to  he  yp  ^l 
nucleus.  Although  the  details  of  minute  anatom  cal  of 

parts  have  not  been  fully  made  out,  it  is  c,‘  “ ,1  bodies  and  tlio 

some  kind  exists  between  the  gray  matter  of  the  olirarj 

hypoglossal  nucleus  and  roots. 
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Kolliker  regards  the  roots  of  the  hypoglossal  nerves  as  decussating 
completely  with  each  other  through  the  raphe,  at  the  level  of  the  nuclei. 
According  to  both  Clarke  and 


& 

Dean,  on  the  other  hand,  a 
portion  of  the  fibres  of  each 
root  terminate  in  the  corre- 
sponding nucleus,  while  an- 
other portion  bend  inward 
and  cross  the  raphe  at  the 
median  line,  decussating  with 
those  of  the  opposite  side. 

Henle  describes  a few  thin 
bundles  of  fibres  which  con- 
nect the  roots  of  the  nerve  on 
each  side,  at  their  point  of 
emergence,  with  the  raphe  in 
front  of  the  medulla.  It  is 
certain  that  the  hypoglossal, 
like  the  other  cranial  nerves, 
has,  in  some  way,  a connec- 
tion with  the  opposite  side  of 
the  brain  ; since  cases  of  facial 
' paralysis  from  cerebral  hemor- 
ihage  aie  often  accompanied  by  paralysis  of  the  tongue  on  the  same 
side  with  that  of  the  face,  and  on  the  opposite  side  to  that  of  the  lesion. 
One  of  the  genio-hyo-glossal  muscles  having  lost  its  power,  while  the 
other  remains  active,  if  the  patient  attempts  to  protrude  the  tongue  in 
such  cases,  its  point  is  deviated  toward  the  paralyzed  side. 

After  leaving  the  anterior  surface  of  the  medulla  oblongata  the  fibres 
of  the  hypoglossal  nerve  become  parallel  with  each  other,  and,  passing 
thiough  the  anterior  condyloid  foramen  of  the  occipital  bone,  emerge 
fiom  the  skull  in  the  form  of  a cylindrical  cord.  Immediately  after 
escaping  from  the  condyloid  foramen  it  presents  one  or  two  branches 
of  inosculation  with  the  pneumogastric,  at  the  point  where  it  crosses  the 
tiack  of  this  nerve.  According  to  Cruveilhier,  the  dissection  of  the  parts, 
after  maceration  in  dilute  nitric  acid,  shows  distinctly  that  this  inoscula- 
tion consists  of  fibres  which  leave  the  hypoglossal  nerve  and  join  those 
of  the  pneumogastric,  running  with  them  in  a peripheral  direction.  The 
hypoglossal  nerve  then  passes  downward,  nearly  to  the  level  of  the  hyoid 
bone,  where  it  curves  forward,  giving  filaments  to  the  styloglossal  and 
hyoglossal  muscles,  and  to  those  immediately  beneath  the  hyoid  bone; 
after  which  it  turns  upward,  penetrates  the  tongue  from  below,  inoscu- 
lates by  two  or  three  filaments  with  the  lingual  branch  of  the  fifth  pair, 
and  is  finally  distributed  to  all  the  muscles  of  the  substance  of  the1 
tongue.  It,  therefore,  animates  not  only  the  lingual  muscles  proper 
but  also  those  which  draw  the  tongue  backward  and  upward  (stylo- 
glossal),  and  backward  and  downward  (hyoglossal  and  infra-hyoid  mus- 


Fig.  182. 


Transverse  Section  of  the  Human 
Medulla  Oblongata,  through  the  olivary 
nucleus  and  root  of  the  hypoglossal  nerve. — Ap. 
Anterior  pyramid.  XII.  Hypoglossal  nerve  root. 
Magnified  8 diameters.  . (Henle.)  . 
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cles).  The  trunk  of  the  nerve  also  receives  communicating  filaments 
from  the  first  and  second  cervical  spinal  nerves,  which,  according  to 
Cruveilhier,  are  filaments  of  reenforcement,  accompanying  the  hypo- 
glossal nerve  toward  its  peripheral  teimination. 

Physiological  properties  of  the  Hypoglossal  Nerve.— The  motor  char- 
acter of  the  hypoglossal  nerve  is  easily  established  by  the  results  which 
follow  its  irritation  and  division.  If  the  nerve  be  exposed  in  the  living 
or  recently  killed  animal  at  the  top  of  the  neck,  where  it  runs  parallel 
to  and  a little  above  the  hyoid  bone,  pinching  or  wounding  its  fibres,  or 
the  application  of  the  galvanic  stimulus,  produces  immediately  convul- 
sive action  of  the  muscles  of  the  tongue.  The  same  effect  follows  if  the 
trunk  of  the  nerve  be  divided  at  this  point,  and  the  irritation  applied  to 
its  peripheral  extremity ; showing  that  the  contractions  thus  produced 
are  not  due  to  reflex  action,  but  to  a direct  stimulus  conveyed  through 
the  hypoglossal  nerve  to  the  muscular  fibres.  The  excitability  of  the 
nerve  is  consequently  beyond  question.  Whether  it  possess  also  any 
sensitive  fibres  of  its  own  is  not  so  certain.  Longet  obtained  m this 
respect  only  negative  results  ; the  division  of  the  filaments  of  origin  of 
the  nerve,  in  his  experiments  on  dogs,  through  the  space  between  the 
occiput  and  the- atlas,  not  producing  perceptible  signs  of  pain,  ihe 
trunk  of  the  hypoglossal  nerve  outside  the  cranial  cavity,  certainly  pos- 
sesses some  degree  of  sensibility,  according  to  the  testimony  of  nearly  a 
experimenters  ; but  this  is  regarded  as  derived,  like  that  of  other  motor 
nerves,  from  inosculations  beyond  its  point  of  origin,  especially  fiom 
those  of  the  first  and  second  cervical  spinal  nerves  near  the  base  o 
the  skull,  and  from  branches  of  the  fifth  pair  near  its  terminal  distri- 
bution. Whatever  sensibility  it  may  possess  is  destined  only  foi  the 
muscular  substance  of  the  tongue,  and  not  for  its  mucous 
since  in  the.  first  place,  division  of  the  lingual  branch  of  the  fifth  pair 
and  of  the  glossopharyngeal  nerve  destroys  both  tactile  and  gus  a oiy 
sensibility  over  the  whole  surface  of  the  tongue,  though  the  hypoglossal 
be  left  untouched  ; and  secondly,  according  to  the  experiments  of  Lon- 
get  after  division  of  both  hypoglossal  nerves  m the  dog  the  sui face  o 
the  tongue,  when  touched  with  the  point  of  a needle,  evinces  its  ordinary 

tactUe  sensibility,  the  application 

gust,  and  the  contact  of  foreign  bodies  at  the  base  of  the  oigan  excites 

uniform  result  of  section  of  both  hypoglossal  nerves 
is  a loss  of  muscular  power  in  the  whole  substance  of  the  tongue,  while 
i tactile  and  gustatory  sensibilities  are  preserved.  In  the  experiment 
of  Panizza,  confirmed  by  those  of  Longet,  the  animals  upon  which  th 
operation  had  been  performed  were  unable  to  move  the  tongue  m any 
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was  liable  to  be  caught  between  the  teeth  and  wounded  ; an  accident 
which  evidently  caused  suffering  to  the  animal,  thus  showing  the  con- 
tinued sensibility  of  the  paralyzed  organ. 

Connection  of  the  Hypoglossal  Nerve  with  Mastication  and  Degluti- 
tion.— Although  the  movements  of  the  tongue  do  not  take  a direct  part 
in  mastication,  they  are  yet  of  essential  importance  to  its  accomplish- 
ment, by  bringing  successive  portions  of  the  food  between  the  teeth  and 
removing  those  which  have  already  undergone  trituration.  In  species 
where  liquids  are  introduced  into  the  mouth  by  the  act  of  lapping,  this 
movement  becomes  also  impossible  after  section  of  the  hypoglossal 
nerves ; and  both  liquid  and  solid  food,  the  latter  already  reduced  to  a 
pulp,  must  be  introduced  far  backward  into  the  fauces  in  order  to  allow 
of  their  deglutition.  The  natural  action  of  the  lingual  muscles  is  prac- 
tically of  so  much  importance  that,  according  to  Longet,  it  requires  a 
great  expenditure  of  time  and  patience,  in  animals  with  paralysis  of  the 
tongue  from  division  of  the  hypoglossal  nerves,  to  supply  them  with 
sufficient  nourishment  for  the  support  of  life. 

Connection  of  the  Hypoglossal  Nerve  with  Articulation. — In  man, 
another  important  function  is  performed  by  the  tongue  as  a muscular 
oigan,  namely,  that  of  articulation.  As  the  lingual  muscles  take  an 
important  part  in  the  pronunciation  of  all  the  consonants  except  the 
labials  (6,  m,  p)  and  the  labio-dentals  (f  v),  as  well  as  in  that  of  the 
vowels  a,  e,  i,  and  y,  their  paralysis  will  necessarily  produce  a nearly 
complete  incapacity  of  articulation.  In  man,  disease  or  injury  of  the 
hypoglossal  nerve  alone  is  a rare  occurrence,  and  is  almost  invariably 
confined  to  one  side.  In  the  glosso-labio-laryngeal  paralysis,  described 
in  connection  with  the  functions  of  the  medulla  oblongata  (p.  510),  the 
disease  is  of  central  origin,  and  affects,  in  various  proportions,  other 
muscles  as  well  as  those  of  the  tongue.  Here,  however,  according  to 
Hammond,  the  earliest  signs  of  imperfect  action  show  themselves  in  the 
lingual  muscles,  and  when  the  disease  is  fully  developed  the  tongue 
becomes  completely  paralyzed,  and  all  power  of  articulation  is  lost. 

The  hypoglossal  nerve,  accordingly,  though  one  of  the  simplest  of 
the  cranial  nerves  in  the  nature  of  its  physiological  endowments,  is 
essential  for  the  expression  of  ideas  by  articulate  language,  and  is  also 
important  as  an  aid  in  the  mastication  and  deglutition"  of  the  food. 

General  Arrangement  and  Mode  of  Origin  of  the  Cranial  Nerves.— 
Notwithstanding  the  apparent  irregularity  in  source  and  distribution 
of  the  cranial  nerves,  as  compared  with  the  spinal,  an  examination  of 
their  internal  origin  shows  that  they  are  arranged  on  a definite  plan, 
not  essentially  dissimilar  to  that  of  the  spinal  nerves.  The  difference 
between  them  depends  only  upon  the  changed  position  of  the  gray 
substance  in  the  medulla  oblongata  as  compared  with  that  in  the  spinal 
cord.  When  the  central  canal  of  the  cord  opens  into  the  cavity  of  the 
fourth  ventricle,  just  above  the  point  of  divergence  of  the  posterior 
columns,  the  gray  matter  surrounding  it  becomes  posterior  instead  of 
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Fig.  183. 


central  in  its  position;  what  corre- 
sponds to  the  posterior  horns  of 
gray  matter  in  the  cord  spreading 
out  laterally,  and  what  corresponds 
to  the  anterior  horns  following  the 
central  canal  as  it  recedes,  and  at 
last  occupying  the  middle  of  the 
floor  of  the  fourth  ventricle,  next  the 
median  line.  All  the  sensitive  and 
motor  cranial  nerves  take  their  origin 
from  this  layer  of  gray  matter,  or  its 
continuation,  from  the  commence- 
ment of  the  fourth  ventricle  to  the 
aqueduct  of  Sylvius  beneath  the  tu- 
bercula  quadrigemina.  The  relations 
of  origin  between  the  motor  and  sen- 
sitive nerve  roots  are  still  preserved. 
In  the  spinal  cord,  the  motor  roots 
originate  from  the  anterior  horns  of 
gray  matter,  the  sensitive  roots  from 
the  posterior  horns.  In  the  medulla 
oblongata  and  tuber  annulare,  the 
nuclei  of  the  motor  cranial  nerves 
form  a series  near  the  median  line ; 
those  of  the  sensitive  nerves  are 
placed  farther  outward.  A series  of 
sections  of  the  spinal  cord,  medulla 
oblongata,  and  tuber  annulare,  made 
in  succession  from  below  upward, 
show  that  the  collections  of  gray 
matter,  or  nuclei,  in  the  medulla 
oblongata  and  tuber  annulare,  from 
vhich  the  different  motor  or  sensitive 
nerves  take  their  origin,  are  not  com- 
pletely disconnected  from  each  other 
any  more  than  the  successive  portions 
of  gray  matter  in  the  spinal  coni, 

? NuS/m  ofto”  audlteorryfnerve°nFV  Kuclul 
1 Nucleus  of  the  facial  and  abducens  nerves.  2.  Nucleus 

medulla  ohlou.ata  ttjjj  £*T SKK 

‘SSSSsu-— 

SP.  Sri"*!  accessory  nerve  ln  the  dorsal  region,  a,  «•  Anterior  nerve  roots. 

y.  Transverse  section  of  tne  spinm 
p,  p.  Posterior  nerve  roots. 
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but  at  certain  points,  the'  gray  substance  takes  on  a special  degree  of 
development,  and  presents  an  abundant  collection  of  nerve  cells.  These 
collections  are  called  the  “nuclei”  of  the  nerves,  on  account  of  their 
evident  importance  as  points  of  origin  from  which  the  nerve  roots  can 
be  traced  to  their  points  of  emergence  at  the  base  of  the  brain.  The 
foregoing  diagram  shows  the  changes  in  external  form  of  the  cerebro- 
spinal axis,  and  in  the  position  of  its  gray  matter,  as  examined  at  differ- 
ent levels  in  the  cranium  and  spinal  canal. 


CHAPTEE  VII. 

THE  SYMPATHETIC  SYSTEM. 


The  sympathetic  system  of  nerves,  when  compared  with  the  cerebro- 
spinal system,  presents  anatomical  peculiarities  of  arrangement  and 
distribution  so  distinct  and  noticeable,  that  it  is  naturally  regarded  as 
occupying  a place  by  itself.  The  slender  double  cord  of  its  main  trunk 
extending  throughout  the  great  cavities  of  the  body,  the  number  and 
scattered” position  of  its  ganglia,  which  are  united  with  each  other  on  y 
by  filaments  of  small  size,  the  frequent  and  plexiform  arrangement  of 
its  branches,  and  the  distribution  of  its  terminal  fibres  to  the  organs 
of  circulation  and  nutrition,  all  form  a well  marked  group  of  features 
by  which  it  is  easily  recognized.  But  notwithstanding  the  general  im- 
portance of  these  characters,  the  sympathetic  nerves  and  ganglia  do  not 
constitute  a separate  and  independent  nervous  system.  Neither  the 
minute  structure  of  their  anatomical  elements,  nor  their  external  con- 
nections, are  essentially  different  from  those  of  the  cerebro-spmal  nerves 
and  nervous  centres.  The  sympathetic  trunks  and  branches  contain 
medullated  nerve  fibres  of  the  same  anatomical  character  as  those  of 
the  spinal  cord  and  its  nerves ; and  its  ganglia  are  provided  with  nerve 
cells  which  send  off  one  or  more  prolongations  in  the  form  of  nerve 
fibres  The  main  peculiarity  of  intimate  structure  in  the  sympathetic 
nerve  fibres  is  that  they  are,  as  a rule,  of  small  diameter,  though  no 
smaller  than  the  average  of  those  in  the  cerebro-spmal  nerves  The 
cells  of  the  sympathetic  are  also  generally  of  comparatively  small  siz  , 
never  according  to  Kolliker,  equalling  the  largest  of  those  m the  guy 

~ as 

shown  by  the  observations  of  KoUtoi,  and  be ^ The 

originating  of  th0  cra°ial  nerves,  as,  for  instance 

arrangement  exists  in  t „ o n the  sensitive  and 
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cation  from  the  cerebro-spinal  nerves,  which,  there  is  every  reason  to 
believe,  consist  of  fibres  coming  from  the  brain  or  spinal  cord,  and  pass- 
ing through  the  ganglion  to  form  part  of  the  peripheral  branches  of  the 
sympathetic  system.  This  conclusion  is  drawn  not  only  from  the  fact 
that  many  of  these  fibres  cannot  be  shown  by  microscopic  examination 
either  to  originate  or  terminate  in  the  substance  of  the  ganglion,  but 
also  fiom  the  paialyzing  effect  produced  upon  muscular  organs  supplied 
with  sympathetic  fibres,  by  division  of  the  cerebro-spinal  nerve  which 
communicates  with  its  ganglion.  This  is  more  particularly  shown  by 
the  paralysis  of  the  iris  following  division  of  the  oculomotorius  nerve, 
which  gives  a motor  branch  to  the  ophthalmic  ganglion.  The  numerous 
branches  of  communication  supplied  bjr  the  pneumogastric  nerve  to  the 
cardiac  branches  of  the  sympathetic,  and  to  the  cardiac  plexus  itself, 
afford  an  equally  striking  instance  of  the  same  kind. 

Ihe  ganglia  seated  upon  the  spinal  and  cranial  nerve  roots  are  there- 
fore undoubtedly  analogous,  in  their  anatomical  relations,  with  the 
detached  ganglia  of  the  sympathetic  system  proper ; and  the  whole  of 
this  system  may  be  considered  as  made  up  of  a set  of  nervous  centres 
disseminated  throughout  the  great  cavities  of  the  body,  and  of  nervous 
filaments  which  both  receive  fibres  from  the  cerebro-spinal  centres,  and 
communicate  by  some  of  their  own  with  the  cerebro-spinal  nerves.  All 
the  organs  in  the  body,  accordingly,  are  supplied  with  fibres  from  both 
souices,  the  difference  consisting  in  the  proportions  in  which  one  kind 
or  the  othei  are  present  in  particular  parts.  The  cerebro-spinal  nerves 
are  supplied  in  the  greatest  abundance,  and  manifest  their  most  striking 
properties,  in  the  organs  and  functions  of  animal  life ; those  of  the  sym- 
pathetic system  preponderate  in  the  organs  of  vegetative  life,  and  in 
their  influence  upon  the  functions  of  nutrition,  secretion,  and  growth. 

Anatomical  Arrangement  of  the  Sympathetic  System The  sympa- 

thetic system  consists  of  a double  chain  of  nervous  ganglia,  running 
fiom  above  downward  along  the  front  and  sides  of  the  spinal  column, 
and  connected  with  each  other  by  longitudinal  filaments.  Each  gan- 
glion is  reenforced  by  motor  and  sensitive  fibres  from  the  cerebro-spinal 
system,  and  thus  the  organs  under  its  influence  are  brought  indirectly 
into  communication  with  external  objects  and  phenomena.  Its  nerves 
are  distributed  to  glands  and  mucous  membranes,  many  of  which  are 
destitute  of  general  sensibility,  and  to  muscular  parts  which  are  re- 
mo\ed  from  the  control  of  the  will.  The  sympathetic  ganglia  are 
situated  successively  in  the  head,  neck,  chest,  and  abdomen;  and  in 
each  of  these  regions  are  connected  with  special  organs  by  their  fibres 
of  distribution. 

The  first  sympathetic  ganglion  in  the  head  is  the  ophthalmic  gan- 
glion, situated  within  the  orbit  of  the  eye,  on  the  outer  aspect  of  the 
optic  nerve.  It  communicates  by  slender  filaments  with  the  carotid 
plexus,  and  receives  a motor  root  from  the  oculomotorius  nerve,  and  a 
sensitive  root  from  the  ophthalmic  branch  of  the  fifth  pair.  Its  fila- 
ments of  distribution,  known  as  the  “ ciliary  nerves,”  pass  forward  upon 
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the  eyeball,  pierce  the  scelerotic,  and 
of  the  iris. 

The  next  is  the  spheno-palatine 
Fig.  184. 


terminate  in  the  muscular  tissue 


ganglion , situated  in  the  spheno- 
maxillary fossa,  ft  commu- 
nicates, like  the  preceding, 
with  the  carotid  plexus,  and 


receives  a motor  root  iiom 
the  facial  nerve,  and  a sensi- 
tive root  from  the  superior 
maxillary  branch  of  the  fifth 
pair.  Its  filaments  are  dis- 
tributed to  the  levator  palati 
and  uvular  muscles,  to  the 
mucous  membrane  of  the  pos- 
terior part  of  the  nasal  pas- 
sages, and  to  that  of  the  haul 

and  soft  palate. 

The  third  sympathetic  gan- 
glion is  the  submaxillary, 
situated  upon  the  submaxil- 
lary gland.  It  communicates 
with  the  superior  cervical  gan- 
glion of  the  sympathetic  by 
filaments  which  accompany 
the  facial  and  external  carotid 
arteries.  It  derives  its  sensi- 
tive filaments  from  the  lingual 
branch  of  the  fifth  pair,  and 
its  motor  filaments  from  the 
facial  nerve,  by  means  of  the 
chorda  tympani.  Its  branches 
of  distribution  pass  mainly  to 
the  submaxillary  gland  and 
Wharton’s  duct. 

The  last  sympathetic  gan- 
glion in  the  head  is  the  olic 
ganglion.  It  is  situated  be- 
neath the  base  of  the  skull, 
on  the  inner  side  of  the  thin 
division  of  the  fifth  pair.  It 

ceives  filaments  of  communication  fr<^  nerve, 

ot  from  the  facial  by  means  of  the  s * 1 J maxillary  division 
well  as  one  or  two  short  fibres  from  by 

' the  fifth  pair;  and  a sensitive  root  from  “ ^ ^,,1  musdle  of 
ie  nerve  of  Jacobson.  Its  branches  a circumflexes  palati, 

Le  malleus  in  the  middle  ear  Eustachian  tube, 

ad  to  the  mucous  membrane  of  the  tympanm 


Ganglia  and  Nerves  op  the  Sympa- 
thktio  System. 
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The  continuation  of  the  sympathetic  nerve  in  the  neck  consists  of 
two  and  sometimes  three  ganglia,  the  superior,  middle,  and  inferior. 
These  ganglia  communicate  with  each  other,  and  also  with  the  anterior 
branches  of  the  cervical  spinal  nerves.  Their  filamehts  follow  the 
course  of  the  carotid  artery  and  its  branches,  and  are  distributed  to  the 
substance  of  the  thyroid  gland,  and  to  the  walls  of  the  larynx,  trachea, 
pharynx,  and  oesophagus.  By  the  superior,  middle,  and  inferior  cardiac 
nerves  they  also  supply  sympathetic  fibres  to  the  cardiac  plexus,  and, 
through  it,  to  the  substance  of  the  heart. 

In  the  chest,  the  sympathetic  ganglia  are  situated  on  each  side  the 
spinal  column,  just  over  the  heads  of  the  ribs.  Their  communications 
with  the  spinal  nerves  in  this  region  are  double  ; each  ganglion  receiving 
two  filaments  from  the  intercostal  nerve  next  above  it.  The  filaments 
originating  from  the  ganglia  are  distributed  upon  the  thoracic  aorta, 
and  to  the  lungs  and  oesophagus. 

In  the  abdomen,  the  continuation  of  the  sj'mpathetic  S37stem  consists 
mainly  of  the  aggregation  of  ganglionic  enlargements  situated  upon  the 
c-celiac  artery,  known  as  the  semilunar  or  cceliac  ganglion.  From  this 
ganglion  a multitude  of  radiating  and  inosculating  branches  are  sent  out, 
which,  from  their  common  origin  and  their  diverging  course,  are  termed 
the  “ solar  plexus.”  From  this,  other  plexuses  originate,  which  accom- 
pany the  abdominal  aorta  and  its  branches,  and  are  distributed  to  the 
stomach,  small  and  large  intestine,  spleen,  pancreas,  liver,  kidneys, 
supra-renal  capsules,  and  internal  organs  of  generation. 

Beside  the  above  ganglia  there  are  in  the  abdomen  four  other  pairs, 
situated  in  front  of  the  lumbar  vertebrae.  Their  filaments  join  the 
plexuses  radiating  from  the  semilunar  ganglion. 

In  the  pelvis,  the  sympathetic  system  is  continued  by  four  or  five  pairs 
of  ganglia,  situated  on  the  anterior  aspect  of  the  sacrum,  and  terminat- 
ing, at  the  lower  extremity  of  the  siiinal  column,  in  the  u ganglion  impar,” 
which  is  probably  to  be  regarded  as  a fusion  of  two  separate  ganglia. 

The  entire  sympathetic  series  is  thus  composed  of  numerous  small 
ganglia  connected  throughout,  first  with  each  other;  secondly,  with  the 
cerebro-spinal  system ; and  thirdly,  with  the  viscera. 

Physiological  Properties  of  the  Sympathetic  Ganglia  and  Nerves. — 
The  properties  and  functions  of  the  sympathetic  nerves  have  been  less 
successfully  studied  than  those  of  the  cerebro-spinal  system,  owing, 
perhaps,  to  the  anatomical  difficulties  in  the  way  of  reaching  and  ope- 
rating upon  them  for  purposes  of  experiment  The  principal  part  of 
the  sympathetic  sj^stem  is  situated  in  the  interior  of  the  chest  and  abdo- 
men ; and  the  mere  opening  of  these  cavities,  to  reach  the  ganglionic 
centres,  causes  such  a disturbance  in  the  functions  of  vital  organs,  and 
such  a shock  to  the  system  at  large,  that  the  results  of  these  experiments 
are  liable  to  be  more  or  less  unsatisfactory.  The  connections  of  the  sym- 
pathetic ganglia  with  each  other  and  with  the  cerebro-spinal  axis  are  so 
numerous  and  scattered,  that  these  ganglia  cannot  lie  completely  isolated 
without  resorting  to  a still  more  extensive  operation.  And  finally,  the 
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sensible  phenomena  obtained  by  experimenting  on  the  sympathetic 
nerves  are,  in  many  cases,  slow  in  making  their  appearance,  and  not 
particularly  striking  or  characteristic  in  theii  natuie. 

Notwithstanding  these  difficulties,  however,  some  facts  have  been 
ascertained  with  regard  to  this  part  of  the  nervous  system,  which  give 
a certain  degree  of  insight  into  its  character  and  functions. 

Influence  on  Movement  and  Sensibility — The  sympathetic  system  is 
endowed  both  with  sensibility  and  the  power  of  exciting  motion  ; but 
these  properties  are  less  active  than  in  the  cerebro-spinal  system,  and 
arc  exercised  in  a different  manner.  If  we  irritate  a sensitive  spinal 
nerve  in  one  of  the  limbs,  or  apply  the  galvanic  current  to  its  posterior 
root,  the  evidences  of  pain  or  of  reflex  action  are  decisive  and  instanta- 
neous. There  is  no  appreciable  interval  between  the  application  of  the 
stimulus  and  the  sensation  which  results  from  it.  On  the  other  hand, 
in  experiments  upon  the  sympathetic  ganglia  and  nerves,  evidences  of 
sensibility  are  also  manifested,  but  much  less  acutely,  and  only  after 
somewhat  prolonged  application  of  the  irritating  cause.  These  results 
correspond  with  what  we  know  of  the  physiological  properties  ot  the 
organs  supplied  by  the  sympathetic  system.  These  organs  are  insen 
sible,  or  nearly  so,  to  ordinary  impressions.  We  are  not  conscious  ot 
the  changes  going  on  in  them,  so  long  as  they  retain  a normal  character. 
But  they  are  still  capable  of  perceiving  unusual  or  excessive  irritations, 
and  may  even  give  rise  to  acute  pain  when  in  a state  of  inflammatory 


alteration. 

There  is  the  same  peculiar  character  in  the  action  of  the  motor  nerves 
belonging  to  the  sympathetic  system.  If  the  facial  or  hypoglossal,  or 
the  anterior  root  of  a spinal  nerve,  be  irritated,  the  convulsive  movement 
which  follows  is  instantaneous,  spasmodic,  and  momentary  in  duration 
But  if  the  semilunar  ganglion  or  its  nerves  be  subjected  to  a similar 
experiment,  no  immediate  effect  is  produced.  It  is  only  after  a few 
seconds  that  a slow,  vermicular,  progressive  contraction  takes  place  m 
the  corresponding  part  of  the  intestine,  which  continues  for  some  time 

after  the  exciting  cause  has  been  removed. 

Morbid  changes  taking  place  in  organs  supplied  by  the  sympathetic 
present  a similar  peculiarity  in  their  production.  If  the  body  be  exposed 
to  cold  and  dampness,  congestion  of  the  kidneys  shows  itself  perhaps  on 
the  following  day.  Inflammation  of  any  internal  organ  is  rarely  estab- 
lished within  twelve  or  twenty-four  hours  after  the  application  of  the 
excitino-  cause.  The  internal  processes  of  nutrition,  together  with  tlieir 
derangements,  which  are  more  especially  under  the  control  of  the  sym- 
pathetic, require  a longer  time  to  be  influenced  by  incidental  causes, 
than  those  which  are  regulated  by  the  cerebro-spinal  system. 

Connection  with  the  Special  Senses.- In  the  head  the  sympathetic 
has  an  important  connection  with  the  special  senses.  This  is  noticeable 
mor  particularly  in  the  case  of  the  eye,  in  the  influences  regulating  the 
expansion  and  contraction  of  the  pupil.  The  ophthalmic  ganglion  sends 
off  „ number  of  ciliary  nerves,  distributed  to  tbe  ms,  and  reee.ves  a 
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motor  root  from  the  oculomotorius.  The  reflex  action,  by  which  the 
pupil  contracts  under  the  influence  of  light  and  expands  under  its 
diminution,  takes  place,  accordingly,  through  this  ganglion.  The  impres- 
sion conveyed  by  the  optic  nerve  to  the  tubercula  quadrigemina,  and 
reflected  outward  by  the  fibres  of  the  oculomotorius,  is  not  transmitted 
directly  by  the  last  named  nerve  to  the  iris  ; but  passes  first  to  the 
ophthalmic  ganglion,  and  is  thence  conveyed  to  its  destination  by  the 
ciliary  nerves. 

The  reflex  movements  of  the  iris  exhibit  consequently  a somewhat 
sluggish  character,  which  indicates  the  intervention  of  the  sympathetic 
system.  The  changes  in  the  size  of  the  pupil  do  not  take  place  instan- 
taneously with  the  variation  in  the  amount  of  light,  but  require  an 
appreciable  interval  of  time.  If  we  suddenly  pass  from  a light  into  a 
dark  room,  we  are  unable  to  distinguish  surrounding  objects  until  a 
certain  time  has  elapsed,  and  the  expansion  of  the  pupil  has  taken 
place  ; and  vision  even  continues  to  grow  more  distinct  for  a consider- 
able period  afterward,  as  the  expansion  of  the  pupil  becomes  more  com- 
plete. If  we  cover  the  eyes  of  another  person  with. the  hand  or  a folded 
cloth,  and  then  suddenly  expose  them  to  the  light,  we  can  see  that  the 
pupil,  which  is  at  first  dilated,  contracts  somewhat  rapidly  to  a certain 
extent,  and  afterward  continues  to  diminish  in  size  for  several  seconds, 
until  its  equilibrium  is  fairly  established,.  Furthermore,  if  we  pass  sud- 
denly from  a dark  room  into  bright  sunshine,  we  are  immediately  con- 
scious of  a painful  impression  in  the  eye,  which  results  from  the  inability 
of  the  pupil  to  contract  with  sufficient  rapidity.  All  such  exposures 
should  therefore  be  made  gradually,  in  order  that  the  movements  of  the 
iris  may  keep  pace  with  the  varying  quantity  of  stimulus,  and  thus 
protect  the  eye  from  injurious  impressions. 

The  reflex  movements  of  the  iris,  though  accomplished  through  the 
medium  of  the  ophthalmic  ganglion,  derive  their  original  stimulus, 
through  the  motor  root  of  this  ganglion,  from  the  oculomotorius  nerve. 
For  if  the  oculomotorius  nerve  be  divided  between  the  brain  and  the 
eyeball,  the  pupil  becomes  sensibly  dilated,  and  loses  in  great  measure 
its  power  of  contracting  under  the  influence  of  light.  The  motive  power, 
originally  derived  from  the  brain,  is,  therefore,  modified  by  passing 
through  the  ophthalmic  ganglion  before  reaching  its  destination  in  the 
iris. 

Three  organs  of  special  sense,  the  eye,  the  nose,  and  the  ear,  are 
each  provided  with  two  sets  of  muscles,  superficial  and  deep,  which 
regulate  the  quantity  of  stimulus  admitted  to  the  organ  and  the  mode 
in  which  it  is  received.  The  superficial  set  is  animated  by  branches  of 
the  facial  nerve ; the  deep-seated  or  internal  set,  by  filaments  from  a 
sympathetic  ganglion. 

Thus,  the  front  of  the  eyeball  is  protected  by  the  orbicularis  and 
levator  palpebras  superioris  muscles,  ■which  open  or  close  the  eyelids  at 
will,  and  allow  a larger  or  smaller  quantity  of  light  to  reach  the  cornea. 
These  muscles  are  supplied  by  the  oculomotorius  and  facial  nerves,  and 
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are  mainly  voluntary  in  their  action.  The  iris,  on  the  other  hand,  is  a 
deep-seated  muscular  curtain,  which  regulates  the  quantity  ol  light 
admitted  through  the  pupil.  It  is  supplied  by  filaments  from  the  oph- 
thalmic ganglion,  and  its  movements  are  involuntary. 

Division  of  the  sympathetic  nerve  in  the  middle  of  the  neck  has  a 
marked  effect  on  the  muscular  apparatus  of  the  eye.  Within  a few 
seconds  after  this  operation  has  been  performed  upon  the  cat,  the  pupil 
of  the  corresponding  eye  becomes  contracted,  and  remains  in  that  con- 


Oat,  after  section  of  the  right  sympathetic.  Qr  t)ie  constrictors,  to  be  ani- 

mated by  filaments  derived  from  the  oculomotorius,  and  the  radiating 
fibres,  or  the  dilators,  to  be  supplied  by  the  sympathetic;  so  that,  while 
division  of  the  oculomotorius  would  produce  dilatation  of  the  pupil  by 
paralysis  of  the  circular  fibres  only,  division  of  the  sympathetic  would 
be  followed  by  exclusive  paralysis  of  the  dilators,  and  consequently  y 
contraction  of  the  pupil.  This  explanation,  however,  is  not  entirely 
satisfactory  ; since,  after  division  of  the  sympathetic  nerve  m the  cat, 
not  only  is  the  pupil  contracted,  but  both  the  upper  and  lower  eyelic  s 
and  the  nictitating  membrane  are  also  drawn  partially  over  the  cornea, 
and  assist  in  excluding  the  light.  The  last-named  effect  cannot  be 
owing  to  direct  paralysis,  from  division  of  the  fibres  of  the  sympathetic. 
It  is  more  probable  that  the  section  of  this  nerve  operates  by  exaggerat- 
ing for  a time  the  sensibility  of  the  retina,  owing  to  vascular  congestion; 
and  that  the  partial  closure  of  the  eyelids  and  pupil  is  a consequence 
of  that  condition. 

In  the  olfactory  apparatus,  the  superficial  set  of  muscles  are  the  com- 
pressors and  elevators  of  the  aim  nasi,  which  are  animated  by  filaments 
of  the  facial  nerve.  By  their  action,  odoriferous  vapors  are  snuffed  up 
and  directed  into  the  upper  part  of  the  nasal  passages,  where  they  come 
in  contact  with  the  sensitive  portions  of  the  olfactory  membrane , 01 , 
if  too  pungent  or  disagreeable  in  flavor,  are  excluded  from  entrance. 
These  muscles  are  not  very  important  in  the  human  species ; bid  in 
many  of  the  lower  animals,  as  in  the  carnivora,  they  play  a yn  im 
portant  part  in  the  mechanism  of  olfaction.  Furthermore,  the  eia  ois 
and  depressors  of  the  velum  palati,  which  are  deep-seated,  serve  to  open 


Fig.  185. 


dition.  At  the  same  time  the  third 
eyelid,  or  “ nictitating  membrane,” 
with  which  these  animals  are  pro- 
vided, is  drawn  partially  over  the 
cornea,  and  the  upper  and  lower 
eyelids  also  approximate  to  each 
other;  so  that  all  the  apertures 
guarding  the  eyeball  are  percep- 
tibly narrowed,  and  the  expression 
of  the  face  on  that  side  is  altered 
in  a corresponding  degree.  This 
effect  has  been  explained  by  sup- 
posing the  circular  fibres  of  the 
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or  close  the  posterior  nares,  and  accomplish  a similar  office  with  the 
muscles  already  named  in  front.  The  levator  palati  and  uvular  muscles 
are  supplied  by  filaments  from  the  spheno-palatine  ganglion,  and  are 
involuntary  in  character. 

The  ear  has  two  sets  of  muscles,  similarly  supplied.  The  superficial 
set  are  those  attached  to  the  external  ear.  They  are  comparatively 
inactive  in  man,  but  in  many  of  the  lower  animals  are  well  developed 
and  important.  In  the  horse,  the  deer,  the  sheep,  and  various  other 
species,  they  turn  the  ear  in  different  directions  to  catch  more  distinctly 
feeble  sounds,  or  to  exclude  those  which  are  disagreeable.  These  mus- 
cles are  supplied  by  filaments  of  the  facial  nerve,  and  are  voluntary  in 
their  action. 

The  deep-seated  set  are  the  muscles  of  the  middle  ear.  Sounds  are 
transmitted  to  the  middle  ear  through  the  membrane  of  the  tympanum, 
which  may  be  made  more  or  less  sensitive  to  sonorous  impressions  by 
varying  its  condition  of  tension  or  relaxation.  This  condition  is  regu- 
lated by  the  two  muscles  of  the  middle  ear,  namely,  the  tensor  tympani 
and  the  stapedius.  The  first  named  muscle  is  supplied  with  nervous 
filaments  from  the  otic  ganglion  of  the  sympathetic.  By  its  contraction, 
the  handle  of  the  malleus  is  drawn  inward,  bringing  the  membrana  tym- 
pam  with  it,  and  thus  increasing  its  tension.  On  the  relaxation  of  the 
muscle,  the  chain  of  bones  returns  to  its  ordinary  position,  and  the  pre- 
vious condition  of  the  tympanic  membrane  is  restored.  This  action,  so 
far  as  we  can  judge,  is  purely  involuntary.  The  stapedius  muscle,’ on 
the  other  hand,  is  supplied  by  a branch  of  the  facial  nerve  (p.  549).  It 
is  probable  that  its  contraction  serves  to  relax  the  membrana  tympani, 
and  enables  us  to  make  a certain  degree  of  voluntary  exertion  in  listen- 
ing for  faint  or  distant  sounds. 

Connection  with  the  Circulation. — Perhaps  the  most  important  fact 
concerning  the  sympathetic  system  is  that  of  its  influence  over  the 
vascularity  of  the  parts  supplied  by  it.  In  the  first  place,  division  of 
the  sympathetic  trunk  produces  a vascular  congestion  in  the  corre- 
sponding parts.  If  this  nerve  be  divided,  in  any  of  the  warm-blooded 
quadrupeds,  in  the  middle  of  the  neck,  a vascular  congestion  of  all  parts 
of  the  head,  on  the  corresponding  side,  immediately  follows.  This  con- 
gestion is  most  distinctly  evident  in  the  rabbit,  in  the  thin  and  trans- 
parent ears;  and  within  a few  minutes  after  the  operation,  the  difference 
in  their  appearance  on  the  two  sides  is  strongly  pronounced.  All  the 
vessels  of  the  ear  on  the  affected  side  become  turgid  with  blood ; and 
many  which  were  before  imperceptible,  are  distinctly  apparent.  This 
efiect,  which  was  first  pointed  out  by  Bernard,  and  lias  been  observed  by 
many  other  experimenters,  we  have  often  verified.  It  lasts  for  a con- 
siderable time,  and  may  even  be  very  distinct  at  the  end  of  three  weeks. 

It  remains  longer  when  a portion  of  the  nerve  has  been  cut  out,  or  the 
cervical  ganglion  extirpated,  than  when  its  filaments  have  been  simply 
divided  by  a transverse  section.  It  finally  disappears  when  the  separated 
filaments  have  reunited  and  regained  their  functional  activity. 
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The  vascular  congestion  thus  produced  by  division  of  the  sympathetic 
nerve  is  accompanied  by  three  important  phenomena,  all  intimately  con- 
nected with  each  other. 

First,  the  quantity  of  blood  circulating  in  the  part  is  increased,  and 
its  movement  accelerated.  It  is  not  a state  of  passive  congestion  ; but 
all  the  vessels  are  simultaneously  dilated,  a larger  quantity  ot  blood 
passes  through  the  capillaries  in  a given  time,  and  returns  by  the  veins 
in  greater  abundance  than  before. 

Secondly,  there  is  a remarkable  elevation  of  temperature  in  the  aflect- 
ed  part.  This  elevation  of  temperature  is  very  perceptible  to  the  touch, 
both  in  the  ear  and  in  the  integument  of  the  corresponding  side  of  the 
head.  Measured  by  the  thermometer,  it  has  been  found  by  Bernard  to 
reach,  in  some  cases,  4.5  or  5 degrees  (8°  or  9°  F.).  It  results  from 
the  increased  quantity  of  blood  circulating  in  the  vessels;  since  the 
blood  coming  from  the  interior  and  warmer  parts  of  the  body  supplies 
more  heat,  in  proportion  to  the  abundance  and  rapidity  with  which  it 
traverses  the  vascular  tissues. 

Thirdly,  the  color  of  the  venous  blood  becomes  brighter.  1 Ins  eflec 
is  also  due  to  increased  rapidity  of  the  circulation.  The  blood  is  de- 
prived of  its  oxygen  and  darkened  in  color  by  the  changes  of  nutrition 
which  take  place  in  the  tissues.  But  if  the  rapidity  of  the  circulation 
be  suddenly  increased,  a certain  proportion  of  the  blood  escapes  deoxi- 
dation, and  its  change  in  color,  from  arterial  to  venous,  is  incomplete. 
The  blood  accordingly  returns  by  the  veins  of  the  affected  part  in  greater 
abundance,  of  a higher  temperature,  and  oft  a more  ruddy  color,  than  in 

the  corresponding  parts  on  the  opposite  side. 

When  a local  vascular  congestion  has  thus  been  produced  by  c i vi- 
sion of  the  sympathetic  nerve,  if  that  portion  of  the  divided  nerve 
which  remains  in  connection  with  the  tissues  be  galvanized,  all  the  abo^e 
effects  rapidly  disappear  ; the  bloodvessels  of  the  ear  and  correspom  ing 
side  of  the  head  contract  to  their  previous  dimensions,  the  quantity  ol 
blood  circulating  through  the  tissues  is  diminished,  the  temperature  is 
reduced  in  a corresponding  degree,  and  the  blood  in  the  -s 

to  its  ordinary  dark  color.  The  variations  m the  rapidity  of  the  cncu 
lation  dependent  on  the  condition  of  the  sympathetic  nerve,  have  been 
t:  by  Bernard'  in  the  following  manner.  In  a living  rabbit  te  npper 
part  of  one  ear  is  out  off  with  apairof  very  sharp  scissors  so  that  the  blood 
may  escape  in  jets  from  the  divided  ends  of  the  small  arteries.  The 
force  and  height  of  the  arterial  jets  having  been  observed,  the  sj  i 
p, “etfo  nerve  is  then  divided  in  the  middle  of  the  neck  on  the  corre- 
spending  side  Immediately  the  blood  escapes  from  the  wounded  ear  i 
greater  abundance,  and  the  arterial  jets  rise  to  double  or  even  triple 
their  former  height.  The  galvanic  current  is  then  applied  to  tl 
vided  extremity  of  the  sympathetic,  above  the  point  of  section,  when  the 
streams  of  blood  escaping  from  the  wound  diminish  or  disappeai  , b 

> Journal  de  la  Physiologie  de  l’Homme  et  des  Animaux.  Paris,  1862,  p.  397. 
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they  recommence  and  again  increase  in  intensity  so  soon  as  the  gal- 
vanization of  the  nerve  is  suspended. 

The  same  author  has  shown  that  a similar  influence  is  exerted  by  the 
sympathetic  nerve  upon  the  circulation  in  the  limbs.1  If  the  lumbar 
nerves  of  one  side  be  divided,  in  the  dog,  within  the  cavity  of  the  spinal 
canal,  paralysis  of  motion  and  sensibility  is  produced  in  the  correspond- 
ing limb,  but  there  is  no  change  in  its  vascularity  or  temperature;  while 
if  the  lumbar  portion  of  the  sympathetic  be  divided  or  excised,  without 
disturbing  the  spinal  nerves,  all  the  signs  of  incieased  temperature  and 
activity  of  the  circulation  are  manifested  in  the  limb  below,  without  loss 
of  motion  or  sensibility.  Exsection  of  the  first  thoracic  ganglion  of  the 
sympathetic  produces  similar  effects  in  the  anterior  extremity ; and 
these  effects  are  diminished  or  suspended  by  electric  irritation  of  the 
divided  nerve. 

Division  of  the  sympathetic  nerve,  accordingly,  produces  dilatation 
of  the  bloodvessels  and  consequent  increased  rapidity  of  the  circula- 
tion, and  causes  the  blood  to  retain  its  red  color  in  the  veins  ; while  gal- 
vanization of  the  same  nerve  produces  contraction  of  the  vessels,  dimin- 
ishes the  quantity  of  the  circulating  fluid,  and  causes  the  change  in 
color  of  the  blood,  from  arterial  to  venous. 

The  same  thing  takes  place  in  the  glandular  organs.  If  the  submax- 
illary or  parotid  gland  be  exposed  in  the  living  animal,2  so  long  as  the 
gland  is  in  its  ordinary  condition  the  blood  passing  through  it  is  seen 
to  undergo  the  usual  changes,  and  returns  dark  colored  by  the  veins. 
But  if  the  sympathetic  filament  which  accompanies  the  external  carotid 
artery  be  divided,  the  quantity  of  blood  flowing  through  the  gland  is  at 
once  increased,  and  appears  of  a red  color  in  the  veins.  The  same 
changes  occur  when  the  gland  is  excited  to  secretion  by  stimulating 
the  organs  of  taste. 

An  apparent  antagonism  exists,  in  regard  to  the  circulation,  between 
the  sympathetic  nerve  and  those  derived  from  the  cerebro-spinal 
system.  If  the  chorda  tympani,  which  sends  filaments  to  the  submax- 
illary ganglion,  be  galvanized,  it  causes  an  excitement  of  the  secretion3 
in  the  submaxillary  gland,  increased  activity  of  the  circulation,  and  a 
red  color  of  the  blood  in  the  veins.  The  division  of  this  nerve  is  followed 
by  a contrary  result.  The  effects  produced,  therefore,  by  galvanization 
of  the  chorda  tympani  are  those  produced  by  division  of  the  sympa- 
thetic ; and  the  effects  produced  by  galvanizing  the  sympathetic  are 
those  which  follow  division  of  the  chorda  tympani. 

The  vascularity  of  the  parts,  accordingly,  as  well  as  the  glandular 
activity  of  vascular  organs,  are  under  the  control  of  the  nervous  system. 
The  filaments  of  the  sympathetic  nerve  accompany  everywhere  the  blood- 
vessels, enveloping  the  arterial  branches  with  an  abundant  plexus,  and 

1 Journal  de  la  Physiologie  de  l’Homme  et  dos  Animaux.  Paris,  1862,  p.  397. 

2 Bernard,  Lecons  sur  les  Liquides  de  l’Organisme.  Paris,  1859,  tome  i.  p.  230. 

3 Legons  sur  les  Liquides  de  l’Organisme.  Paris,  1859,  tome  i.  p.  312. 
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following  them  to  their  minutest  ramifications.  They  appear  to  act  by 
causing  a contraction  in  the  organic  muscular  fibres  of  the  small  arteries, 
thus  regulating  the  resistance  of  the  vessels,  and  the  passage  of  the 
blood  through  them.  When  the  sympathetic  nerve  is  excited,  the  vessels 
contract,  the  blood  passes  through  them  slowly,  and  is  fully  converted, 
during  its  passage,  into  venous  blood.  When  the  influence  of  this  nerve 
is  diminished  or  suspended,  the  vessels  dilate,  and  the  blood,  passing 
through  them  with  greater  rapidity,  is  not  completely  changed  from  the 
arterial  to  the  venous  condition. 

Connection  with  Reflex  Actions. — The  influence  of  the  sympathetic 
nerve  upon  the  thoracic  and  abdominal  viscera  has  been  only  imperfectly 
investigated.  It  undoubtedly  serves  as  a medium  of  reflex  action  between 
the  sensitive  and  motor  portions  of  the  digestive,  excretory,  and  gene- 
rative apparatus ; and  it  is  certain  that  it  takes  part  in  reflex  actions 
in  which  the  cerebro-spinal  system  is  also  interested.  There  are  accord- 
ingly three  different  kinds  of  reflex  action,  taking  place  wholly  or  par- 
tially through  the  sympathetic  system,  which  may  occur  in  the  living 
body. 

1.  Reflex  actions  taking  place  from  the  internal  organs , through  the 
sympathetic  and  cerehro-spinal  systems , to  the  voluntary  muscles  and 
sensitive  surfaces. — The  convulsions  of  children  are  often  due  to  the 
irritation  of  undigested  food  in  the  intestinal  canal.  Attacks  of  indi- 
gestion may  also  produce  temporary  amaurosis,  double  vision,  stra- 
bismus, and  even  hemiplegia.  Nausea,  and  a diminished  or  capricious 
appetite,  are  prominent  symptoms  of  early  pregnancy,  induced  by  the 
condition  of  the  uterine  mucous  membrane. 

2.  Reflex  actions  taking  place  from  the  sensitive  surf  aces,  through 
the  cerebro-spinal  and  sympathetic  systems , to  the  involuntary  muscles 
and  secreting  organs. — Exposure  of  the  integument  to  cold  and  wet  is 
often  a determining  cause  of  diarrhoea.  Mental  and  moral  impressions, 
excited  through  the  special  senses,  will  affect  the  motions  of  the  heart, 
and  disturb  the  acts  of  digestion  and  secretion.  Terror,  or  an  absorb- 
ing interest  of  any  kind,  will  produce  dilatation  of  the  pupil,  and  com- 
municate in  this  way  an  unusual  expression  to  the  eye.  Disagreeable 
sights  or  odors,  or  e.ven  unpleasant  occurrences,  are  capable  of  hastening 
or  arresting  the  menstrual  discharge,  or  of  inducing  premature  delivery. 

3.  Reflex  actions  taking  place,  through  the  sympathetic  system,  from 
one  part  of  the  internal  organs  to  another. — The  contact  of  food  with 
the  mucous  membrane  of  the  intestine  excites  a peristaltic  movement  in 
its  muscular  coat.  The  mutual  influence  of  the  digestive,  urinary,  and 
internal  generative  organs  upon  each  other  is  exerted  through  the 
medium  of  the  sympathetic  ganglia  and  nerves.  The  variations  of  the 
capillary-  circulation  in  different  abdominal  viscera,  corresponding  with 
the  activity  or  repose  of  their  associated  organs,  are  due  to  a similar 
nervous  influence.  These  phenomena  are  not  accompanied  by  conscious 
sensation,  nor  by  any  apparent  intervention  of  the  cerebro-spinal  system. 


CHAPTER  YIII. 

the  senses. 

The  senses  are  the  endowments  by  which  we  perceive  the  physical 
properties  of  external  objects  and  the  phenomena  produced  by  their 
various  reactions,  such  as  solidity,  pressure,  smoothness  or  inequality  of 
smface,  tempeiature,  light,  sound,  and  sapid  and  odoriferous  qualities. 
All  our  information  with  regard  to  the  objects  of  nature  is  obtained 
lough  these  channels,  which  are  consequently  the  primitive  source 
of  all  conscious  relation  with  the  external  world.  Sensation  alone  in- 
dicates merely  the  perception  of  some  impression  derived  from  without 
whatever  may  be  its  nature.  The  senses,  on  the  other  hand,  form  so’ 
many  subdivisions  of  the  main  function,  each  of  which  is  devoted  to 
the  perception  of  a particular  class  of  physical  properties  or  reactions. 

bilitv  2 Th  llU°  five  different  groups,  namely : 1.  Generalsensi- 

r enSe°/tHSte-  3-  sense  of  smell.  4.  The  sense  of 

sigtit.  5.  lhe  sense  of  hearing. 

General  Sensibility. 

General  sensibility  is  that  by  which  we  appreciate  the  simpler  physi- 
cal properties  of  external  objects,  such  as  their  consistency,  roughness 
smoothness  of  surface,  temperature,  and  mass.  It  is  so  called  be 

present* in  diffused  over  the  eternal  integument,  beside  being 

standi  tb  t t ? mUC0US  membrancs  near  the  surface.  Notwith 
s anchng  that  thisendowme.it  includes  the  power  of  perceiving  several 

S'„  tt  °f  TPreS,T’  **  *»  “>'•  ~ * - - know,  common^ 

““  ,b-'  Perceptive  centres  by  tl.e  seme  nerves;  and  the  „rade  -f 

ensibibty  for  .HI  varies,  as  a general  rule,  in  the  sAe  direction  atdtn 

Produced  ^ ^ °f  the  ^ The  “nsations  thus 

PreSentlng  SOme  Peculi^ities  by  which  they  may  be 
distinguished  from  each  other,  are  therefore  naturally  comprised  under 

the  single  head  of  general  sensibility. 

°f  T°Uck-Th!s  ^ P^haps,  the  least  complicated  form 
, *°p  imPlessiolb  and  is  known  as  “tactile  sensibility.”  It  is 

sui“Ced  f thG  SimplG  C°ntaCt  °f  a forei^n  bodJ  with  the  sensitive 
smface,  and  gives  information  as  to  its  solidity,  its  external  configura- 

cert’;nand  V®  indifferent  or  irritating  qualities.  Although  there  is  a 
s,m‘  vailet.y  m these  impressions,  yet  they  evidently  belong  to  the 
gl0llP>  and  there  is  no  essential  difference  in  the  effect  produced 
„ contact  of  sharp-pointed  instruments,  and  that  caused  by  irri- 
ng  substances,  like  mustard,  applied  to  the  skin,  the  continuous  or 

( 593  ) 
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Fig.  186. 


interrupted  galvanic  current,  pungent  liquids  placed  upon  the  tongue 
or  pungent  vapors  in  the  nasal  passages.  These  are  all  impressions  o 
tactile  sensibility,  and  depend  upon  a similar  irritation  ot  the  peripheral 

nervous  extremities.  _ 

The  structures  especially  devoted  to  the  exercise  of  tactile  sensibility 
are  minute  bulbous  organs  developed  upon  the  terminal  extremities  o 
‘the  nerve  fibres  in  the  papillae  of  the  skin  and  adjacent  mucous  mem- 
branes, in  each  of  which  two  situations  they  present  certain  distinguish- 
ing features,  though  their  essential  character  is  the  same  in  both.  In 
the  skin,  these  organs  are  known  as  the  tactile  corpuscle ».  lhej  are 
elongated  oval  bodies,  measuring,  according  to  Kblliker,  about  * ola 
millimetre  in  length  by  * of  a millimetre  in  thickness,  lhey  are 
situated  in  the  substance  of  certain  of  the  papillae,  with  their  long  axes 
placed  longitudinally,  and  extending  nearly  to  the  free  extremity  of  th 
organ.  They  are  not  to  be  found  in  all  of  the  papillae,  since  even  at  the 
end  of  the  index  finger,  where  they  are  most  abundant,  accorc  ing  o 
the  observations  of  Meissner,  not  more  than  one  papilla  in  four  is  p o- 
videcl  with  a tactile  corpuscle.  The  papillae  containing  t le  coi  pusc 
are  not  supplied  with  bloodvessels;  while  the  remainder,  constituting 
are  U the  large  majority,  contain  capillary  blood- 

vessels, but  no  tactile  corpuscles.  The  tactile 
corpuscle  itself  consists,  1st,  of  a sheath,  ex- 
hibiting a number  of  transverse  nuclei,  and 
considered  as  representing  a form  of  connec- 
tive tissue;  2d,  of  an  inclosed  mass  of  trans- 
parent, homogeneous  material;  and,  3d,  ol 
one  or  two  medullated  nerve  fibres,  which  pass 
upward  from  the  superficial  plexus  of  the  skin 
through  the  substance  of  the  papilla,  reach  the 
tactile  corpuscle,  wind  round  it  in  a spiral 
direction  toward  its  apex,  and  finallj  , losing 
their  medullary  layer,  terminate  in  some  man- 
ner not  yet  distinctly  ascertained.  Tactile 
corpuscles  have  been  found,  in  man,  upon  the 
dorsal  and  palmar  surfaces  of  the  hand 

foot,  upon  the  nipple  and  upon  the  with' the'  local 

"Ssiiit;::^  a,  -o--'a«er=: 

organs  of  touch,  though  not  perhaps  the  onlj  1mm 

capable  of  exercising  this  function.  tongue,  the  sub- 

In  the  conjunctiva,  the  red  portion  of  ^ Bof  ’touch  are 

lingual  mucous  membrane,  am  ie  ^ nerve’  fibres  in  these  regions, 
constituted  by  the  terminal  but  s le8  mainiy  in  their  smaller 

These  organs  differ  from  the  tacti  1 ure>  In  raan,  according  to 

size  and  the  greater  simplicity  of  the  8pherical  in  form,  though 

Kblliker,  they  are  for  the  club-shaped.  They 

in  the  inferior  animals  they  are  ottc  » 


Papilla  of  thb  Human 
Skin,  containing  tactile  cor- 
puscle and  nerve  fibres.  (Kbl- 
liker.) 
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consist  of  a very  thin,  external  envelope  of  connective  tissue,  inclosing, 
as  in  the  tactile  corpuscle,  a mass  of  homogeneous  or  finely  granular 
substance.  The  inedullated  nerve  fibre  which  penetrates  the  bulb,  loses 
its  medullary  layer  at  its  entrance,  and  runs  through  the  central  homo- 
geneous substance,  to  terminate  by  a free  extremity  near  its  apex. 
Both  the  tactile  corpuscles  and  the  terminal  bulbs  are  therefore  anatomi- 
cal forms,  in  which  the  axis  cylinder  of  the  sensitive  nerve  fibre  termi- 
nates, after  divesting  itself  of  its  medullary  layer. 

The  tactile  sensibility  varies  considerably  in  different  regions  of  the 
integument.  The  best  method  of  appreciating  this  variation  is  that 
adopted  by  Weber  and  Valentin.  It  consists  in  applying  to  different 
parts  the  points  of  a pair  of  compasses,  tipped  with  suitable  pieces  of 
cork.  If  these  points  be  applied  to  the  skin  when  fixed  at  very  short 
distances  apart,  the  two  sensations  cannot  be  accurately  distinguished 
from  each  other  but  are  blended  into  one  ; and  the  impression  thus  pro- 
duced is  that  of  a single  contact.  The  minimum  distance  at  which  the 
two  points  can  be  distinguished  by  the  integument  thus  becomes  a 
measure  of  its  sensibility  at  that  spot.  The  observations  of  Valentin,1 
which  are  the  most  varied  and  complete  in  this  respect,  give 'the  follow- 
ing as  the  limits  of  distinct  perception  in  different  regions : 

Distance  at  which  two  points  may  be  separately  distinguished. 


At  the  tip  of  tongue 

1.00  millim 

if 

palmar  surface  of  tips  of  fingers  . 

1.50 

it 

t» 

“ of  second  phalanges 

3.24 

ii 

it 

“ of  first  phalanges  . 

3.44 

ii 

it 

dorsum  of  tongue  .... 

5.22 

if 

ii 

dorsal  surface  of  fingers 

8.12 

ii 

It 

cheek  

9.46 

ii 

4< 

back  of  hand 

. 14.50 

it 

ii 

skin  of  throat  .... 

. 17.27 

ii 

ii 

dorsum  of  foot  .... 

. 26.10 

ii 

ii 

front  of  sternum  .... 

. 33.07 

ii 

it 

middle  of  back  .... 

. 50.43 

ii 

This  method  does  not  necessarity  give  an  absolute  measure  of  tho 
acuteness  of  sensibility  in  the  different  regions,  since  the  two  points 
might  be  less  easily  distinguished  from  each  other  in  any  one  region, 
and  yet  the  absolute  amount  of  sensation  produced  might  be  as  great 
as  in  the  surrounding  parts;  but  it  undoubtedly  affords  an  accurate 
estimate  of  the  delicacy  of  tactile  sensation,  by  which  we  distinguish 
slight  inequalities  in  the  surface  of  solid  bodies.  There  is  every  reason 
to  believe  that  the  two  qualities  of  delicacy  and  acuteness  of  local  sensi- 
bility correspond  with  each  other  in  their  degree  of  development  in 
various  localities;  since  the  regions  where  tactile  sensibility  is  most 
delicate  are  frequently  found  to  be  also  those  where  the  amount  of 
sensation  is  the  greatest.  A feeble  galvanic  current  may  be  perceived 

1 In  Todd’s  Cyclopaedia  of  Anatomy  and  Physiology,  vol.  iv.,  article  on  Touch. 
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when  applied  to  the  tips  of  the  fingers,  though  it  will  produce  no  impres- 
sion on  the  rest  of  the  limbs  or  trunk ; and  one  which  is  too  faint  to  be 
distinguished  by  the  fingers  may  be  perceptible  at  the  tip  of  the  tongue. 

Certain  parts  of  the  body,  furthermore,  are  especially  well  adapted 
for  use  as  organs  of  touch,  not  only  on  account  of  their  acute  sensibility, 
but  also  owing  to  their  conformation  and  mobility.  In  man,  the  hands 
are  the  most  favorably  constructed  for  this  purpose,  by  the  numerous 
articulations  and  varied  power  of  movement  ot  the  fingers,  by  which 
they  may  be  applied  to  solid  surfaces  of  any  form,  and  brought  succes- 
sively in  contact  with  all  their  irregularities  and  depressions.  We  are 
thus  enabled  to  obtain  the  most  precise  information  as  to  the  texture, 
consistency,  and  configuration  of  foreign  bodies. 

But  the  hands  are  not  the  exclusive  organs  of  touch,  even  in  man, 
and  in  the  lower  animals  the  function  is  mainly  performed  by  other  parts. 
In  the  cat  and  in  the  seal,  the  long  bristles  seated  upon  the  lips  are  used 
for  this  purpose,  each  bristle  being  connected  at  its  base  with  a nervous 
papilla;  and  in  the  elephant  the  end  of  the  nose,  which  is  developed 
into  a flexible  and  sensitive  proboscis,  is  employed  as  the  principal  organ 
of  touch.  This  function,  therefore,  may  be  performed  by  one  part  of 
the  body  or  another,  provided  the  accessory  organs  be  developed  in  a 
favorable  manner. 

About  the  head  and  face,  the  sensibility  of  the  skin  is  principally  de- 
pendent upon  branches  of  the  fifth  pair.  In  the  neck,  trunk,  and  extre- 
mities it  is  due  to  the  sensitive  fibres  of  the  cervical,  dorsal,  and  lumbar 
spinal  nerves.  It  exists,  to  a considerable  extent,  in  the  mucous  mem- 
branes of  the  mouth  and  nose,  and  of  other  passages  leading  to  the  in- 
terior. The  sensibility  of  the  mucous  membranes  is  most  acute  in  parts 
supplied  by  branches  of  the  fifth  pair,  namely,  the  conjunctiva,  anterior 
part  of  the  nares,  inside  of  the  lips  and  cheeks,  and  the  anterior  two- 
thirds  of  the  tongue.  The  tactile  sensibility,  which  is  resident  in  the 
skin  and  in  a certain  portion  of  the  mucous  membranes,  diminishes  in 
degree  from  without  inward,  and  disappears  altogether  in  the  internal 
organs  which  are  not  abundantly  supplied  with  nerves  from  the  cerebro- 
spinal system. 

While  the  general  sensibility  of  the  skin,  and  of  the  mucous  mem- 
branes, varies  in  acuteness  in  different  parts  of  the  bod}",  it  is  every- 
where the  same  in  kind.  The  tactile  sensations  produced  by  the  con- 
tact of  a foreign  body  are  of  the  same  nature,  whether  they  be  felt  by 
the  tips  of  the  fingers,  the  dorsal  or  palmar  surfaces  of  the  hands,  the 
lips,  cheeks,  or  any  other  part  of  the  integument.  Their  only  difference 
is  in  the  intensity  and  distinctness  of  the  impressions  produced. 

The  appreciation  of  the  weight  or  mass  of  a foreign  body  is  obtained 
from  the  degree  of  pressure  which  it  causes  upon  the  integument,  when 
supported  by  the  hand  or  other  part  of  the  body.  It  does  not  appear 
that  any  other  kind  of  sensation  is  necessary  for  this  purpose,  although 
we  generally  also  employ,  in  estimating  a weight,  the  degree  of  muscular 
effort  required  to  sustain  it.  If  the  hand,  however,  be  rested  upon  some 
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solid  support,  and  the  foreign  bod}"  placed  upon  it,  its  weight  is  then 
appreciated  solely  by  the  amount  of  pressure  which  it  causes.  The 
sensation  of  muscular  contraction  is  itself  a result,  so  far  as  we  can 
judge,  of  the  physical  impression  produced  upon  the  sensitive  nerve 
fibres  in  the  muscular  tissue ; and  there  is  nothing  to  indicate  that  it 
differs  essentially  from  that  caused  by  pressure  upon  the  nerves  of  the 
integument. 

Sensations  o f Temperature — The  appreciation  of  temperature  is  also  * 
most  highly  developed,  as  a general  rule,  in  those  parts  which  have  the 
greatest  share  of  tactile  sensibility.  The  difference  in  this  respect  be- 
tween the  integument  of  the  face  and  that  of  the  scalp  is  very  marked  ; 
since  hot  applications  may  be  readily  borne  upon  the  scalp,  which  would 
he  nearly  or  quite  intolerable  upon  the  face.  The  extent  of  surface  ex- 
posed to  a given  temperature  has  also  an  influence  upon  the  effect  pro- 
duced, and  a moderate  degree  of  either  warmth  or  cold  applied  over  a 
considerable  portion  of  the  skin  is  much  more  readily  perceived  than 
if  confined  to  a limited  region.  There  is  evidence  that  the  impres- 
sions of  temperature  and  those  of  touch,  if  transmitted  by  the  same 
fibres,  depend  upon  two  different  forms  of  nervous  excitation,  or  are 
received  by  different  peripheral  nervous  structures;  since  abundant 
instances  have  been  observed  in  which  one  of  these  two  kinds  of  sensi- 
bility was  impaired  independently  of  the  other.  In  various  forms  of 
paralysis,  tactile  sensibility  may  be  lost  while  that  of  temperature  re- 
mains ; or,  on  the  other  hand,  the  power  of  appreciating  temperatures 
may  disappear  while  impressions  of  contact  continue  to  be  perceived.1 

Sensations  of  Fain.— The  sense  of  pain  is  different  in  character  from 
that  caused  by  tactile  impressions  or  by  variations  in  temperature.  It 
is  caused  by  any  exaggerated  mechanical  irritation  or  by  the  application 
of  excessive  heat  or  cold ; but  in  all  these  instances,  when  the  intensity 
ol  the  impression  rises  above  a certain  point,  the  ordinary  perceptions 
produced  by  it  disappear,  and  that  of  pain  takes  their  place.  Thus  if 
the  b ade  of  a knife  or  the  point  of  a needle  be  placed  gently  in  contact 
with  the  skin,  we  perceive,  by  means  of  tactile  sensibility,  the  character 
and  form  of  its  surface.  But  if  the  pressure  be  increased  beyond  a cer- 
tain degree,  or  if  the  integument  be  actually  wounded,  we  obtain  no  pre- 
cise information  of  the  physical  qualities  of  the  foreign  body,  and  are 
only  conscious  of  the  pain  which  results.  The  appreciation  of  cold  or 
warmth,  m like  manner,  is  only  possible  within  moderate  limits;  and 
w am  the  variations  are  so  excessive  as  to  produce  pain,  all  accurate 
exception  of  the  degree  of  temperature  is  lost.  The  contact  of  a red- 
m non  and  that  of  one  much  below  the  freezing  point  of  water  produce 
sensations  which  are  not  essentially  different  from  each  other,  and  which 
are  marked  only  by  their  painful  character. 

It  is  not  known  whether  the  sensation  of  pain  be  confined  to  nerve 
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fibres  -which  are  distinct  from  those  endowed  with  other  forms  of  general 
sensibility,  but  it  is  certain  that  it  may  be  preserved  or  lost  independently 
of  the  other  varieties.  The  anaesthesia  which  is  produced  by  the  inha- 
lation of  ether  or  chloroform  may  be  carried  to  such  a point  that  the 
capacity  for  feeling  pain  is  abolished,  while  tactile  sensibility  remains; 
so  that  the  wounds  caused  by  puncturing  or  cutting  instruments  may 
be  felt,  though  unaccompanied  by  any  sense  oi  suffering.  Similar  ob- 
. servations  have  been  made  in  cases  of  paralysis  where,  it  is  well  known 
the  patient  may  perceive  the  contact  of  foreign  bodies  or  the  prick  of 
a pin  but  at  the  same  time  may  not  experience  lrom  them  any  painful 
sensation  ; or,  on  the  other  hand,  the  sense  of  pain  may  persist  in  the 
affected  parts,  while  that  of  touch  is  diminished  or  lost.1  _ Notwith- 
standing this  apparent  independence  of  the  immediate  conditions  neces- 
sary for  the  sensation  of  pain,  it  is  transmitted  by  fibres  of  the  same 
nerves,  belonging  to  the  cerebro-spinal  system,  which  convey  ordinary 
impressions  ; and  nerves  which  are  endowed  with  the  most  acute  tactile 
sensibility,  like  the  branches  of  the  fifth  pair,  are  also  capable  when 
irritated  by  injury  or  disease,  of  giving  rise  to  the  severest  painful  xm- 


1 Mode  of  Action  of  the  Senses  in  general- There  are  certain  facts 
connected  with  the  exercise  of  general  sensibility  which  are  also  com- 
mon to  the  operation  of  all  the  senses,  and  which  are  of  sufficient  im- 
portance to  be  considered  by  themselves. 

In  the  first  place,  an  impression  of  any  kind,  made  upon  a sensitive 
organ,  remains  for  a short  time  after  the  removal  of  its  immediate 
cause.  The  state  of  excitement  produced  in  the  nervous  expansions 
and  fibres  has  a certain  degree  of  persistence,  which  is  onger  in  c ^ura  ion 
for  some  organs  than  for  others,  but  which  exists  m some  degree  foi 
all  The  sense  of  simple  contact  or  pressure  of  a foreign  body  upon 
tlm  skin,  especially  if  it  be  somewhat  forcible  and  contained, Remains 
for  a perceptible  interval  after  the  foreign  body  is  removed  The  feel- 
or  warmth,  from  the  application  of  ice  or  heate, i .qu.d  , 
lasts  more  or  less  after  the  application  is  discontinued.  Even  in  the 
case  of  sight  and  hearing  it  is  easy  to  verify  the  same  fact,  and  t 
duration  of  continuance  of  the  nervous  impression,  though  ve.y 
as  been  found  in  many  instances  susceptible  of  measurement 
' the  organs ' 

S™  7JS  exerted  open  any  part  of  the  body,  the  confessing 
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apartment ; although,  on  first  entering  from  without,  the  attention  may 
have  been  attracted  by  them  in  a decided  manner.  A continuous  and 
uniform  sound,  like  the  steady  rumbling  of  carriages,  or  the  monotonous 
hissing  of  boiling  water,  becomes  after  a time  inaudible  ; but  as  soon  as 
the  sound  ceases,  we  notice  the  alteration,  and  our  attention  is  at  once 
excited.  The  senses,  accordingly,  receive  their  stimulus  more  from  the 
variation  and  contrast  of  external  impressions,  than  from  these  impres- 
sions themselves. 

Another  important  particular,  in  regard  to  the  senses,  is  their  capacity 
for  education.  The  touch  can  be  so  trained  that  the  blind  may  read 
words  and  sentences  by  its  aid,  in  raised  letters,  where  an  ordinary 
observer  would  hardly  detect  more  than  a slight  inequality  of  surface. 
The  educated  e}^  of  the  artist  or  the  naturalist  will  distinguish  varia- 
tions of  color,  size,  and  outline,  quite  inappreciable  to  ordinary  vision ; 
and  the  senses  of  taste  and  smell,  in  those  who  are  in  the  habit  of 
examining  wines  and  perfumes,  acquire  a similar  superiority  of  discrimi- 
nating power. 

In  these  instances,  it  is  not  the  organ  of  sense  itself  which  becomes 
more  perfect  in  organization,  or  more  susceptible  to  sensitive  impres- 
sions. The  functional  power,  developed  by  cultivation,  depends  upon 
the  increased  delicacy  of  the  perceptive  and  discriminating  faculties. 
It  is  a mental  and  not  a physical  superiority  which  gives  the  painter  or 
the  naturalist  a greater  facility  for  distinguishing  colors  and. outlines, 
and  which  enables  the  meclical  observer  to  detect  nice  variations  in  the 
sounds  of  the  heart  or  the  respiratory  murmur  of  the  lungs.  The 
impressions  of  external  objects,  to  produce  their  complete  effect,  must 
first  be  received  by  a sensitive  apparatus,  which  is  perfect  in  organiza- 
tion and  functional  activity  ; and,  secondly,  they  must  be  subjected  to 
the  action  of  an  intelligent  perception,- by  which  their  nature,  source, 
and  relations  are  fully  appreciated. 

Beside  the  endowment  of  general  sensibility  distributed  over  the 
integument,  there  are  other  faculties  by  which  we  appreciate  particular 
physical  qualities  or  phenomena,  namely,  those  of  taste,  odor,  light,  and 
sound,  the  exercise  of  which  is  confined  to  special  organs,  having  a struc- 
ture adapted  to  that  purpose  alone.  These  are  called  the  special  senses. 
Their  organs  differ  from  the  general  integument  in  their  more  compli- 
cated structure  and  in  the  delicate  and  varied  character  of  the  functions 
which  they  perform.  They  are  incapable  of  feeling  pain,  similar  to  that 
perceived  by  the  nerves  of  general  sensibility,  though  they  may  com- 
municate disagreeable  as  well  as  pleasing  impressions.  The  light,  how- 
ever intense,  has  no  perceptible  effect  when  allowed  to  fall  upon  the 
skin,  and  causes  a sensation  only  when  admitted  to  the  eye.  The  impres- 
sion of  sound  is  appreciated  only  by  the  ear,  and  that  of  odors  only  by 
the  olfactory  membrane.  These  different  sensations,  therefore,  arc  not 
merely  exaggerations  of  ordinary  sensibility,  but  are  peculiar  in  their 
nature,  and  are  in  relation  with  distinct  properties  of  external  objects. 
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Each  organ  of  special  sense  consists — First,  of  a nerve,  endowed  with 
the  special” sensibility  required  for  its  peculiar  function ; and,  Secondly, 
of  certain  accessory  parts,  forming  an  apparatus  adapted  to  aid  m the 
performance  of  this  function,  and  render  it  more  delicate  and  complete. 

Sense  of  Taste. 

The  sense  of  taste  is,  in  some  measure,  intermediate  in  character 
between  the  functions  of  general  and  special  sensibility.  First,  the 
organ  by  which  it  is  exercised  forms  a part  of  the  mucous  membrane 
lining  the  commencement  of  the  alimentary  canal,  furnished  with  vas- 
cular and  nervous  papillae  analogous  in  structure  to  those  of  the  general 
internment.  Secondly,  this  mucous  membrane  is  also  endowed  with 
oeneral  sensibility.  Although  it  is  highly  probable  that  certain  minute 
formations  in  its  epithelial  layer,  known  as  “taste  buds,”  may  be  espe- 
cially connected  with  the  perception  of  savors,  there  is  thus  far  no  cer- 
tainty in  this  respect;  and  in  any  case  the  tactile  and  gustatory  sensi- 
bilities are  closely  intermingled  in  the  substance  of  the  mucous  mem' 
brane.  Thirdly,  the  sensibility  of  taste  is  not  confined  to  the  fibres  of 
one  special  and  distinct  nerve,  but  resides  in  portions  of  two,  name  y, 
the  lingual  branch  of  the  fifth  pair  and  the  glossopharyngeal  nerve, 
which  also  supply  general  sensibility  to  the  corresponding  parts. 
Fourthly,  this  sense  gives  rise  to  impressions  only  from  the  actual  con- 
tact of  sapid  substances  with  the  mucous  membrane,  and  can  establ  sh 
no  communication  with  objects  at  a distance  ; and  Fifthly,  though  some 
of  the  impressions  derived  from  this  source  are  of  a distinct  and  specia 
character,  others,  like  the  taste  of  oily  or  mucilaginous  substances,  differ 
but  little  in  kind  from  those  of  tactile  sensibility. 

The  sense  of  taste  is  localized  in  the  mucous  membrane  of  the  tongue, 
the  soft  palate,  and  the  pillars  of  the  fauces.  The  tongue,  which  is  more 
particularly  the  seat  of  this  sense,  is  a flattened,  leatlike  muscular  o>|gar  , 
attached  to  the  inner  surface  of  the  symphysis  of  the  lower  jaw  m float 
and  to  the  os  hyoides  behind.  It  has  a vertical  sheet  or  lamina  of  fih.ous 
tTssue  in  the  median  line  which  serves  as  its  framework,  and  is  provided 
with  longitudinal,  transverse,  and  radiating  muscular  fibres,  by  which 
can  be  elongated,  retracted,  and  moved  in  every  direction. 

‘ The  mucous  membrane  of  the  fauces  and  posterior  third  of  the  tongu  , 
like  thaUhiin.  the  cavity  of  the  mouth,  is  covered  with  vascular  papilhe 
llotous  in  structure  to  those  of  the  skin,  hut  imbedded  and ^oncerM 
in  the  smooth  layer  of  epithelium  forming  the  surface  of  the  or0.  . 
Upon  the  dorsum  of  the  tongue,  about  the  junction  of  its » 
middle  thirds,  there  is  a double  row  of  rounded  eminences, , ai ran 
a V-shaped  figure,  running  forward  and  outward,  on  each  side,  from  t 

The  lingual  papillae  are  of  three  different  kinds.  First  U*  filiform 
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papillae , which  are  the  most  numerous,  and  which  cover  most  uniformly 
the  upper  surface  of  the  tongue.  They  are  long  and  slender,  and  are 
covered  with  horny  epithelium,  usually  prolonged  into  filamentous  tufts. 
At  the  edges  of  the  tongue  they  are  often  united  into  parallel  ranges 
or  ridges  of  the  mucous  membrane.  Secondly,  the  fungiform  papillae. 
These  are  thicker  and  larger  than  the  foregoing,  of  a club-shaped 
figure,  and  covered  with  soft  epithelium.  They  are  most  abundant 
at  the  tip  of  the  tongue,  but  may  be  seen  elsewhere  on  the  surface  of 
the  organ,  scattered  among  the  filiform  papillae.  Thirdly,  the  circurn- 
vnllate  papillae.  These  are  the  rounded  eminences,  eight  or  ten  in 
number,  which  form  the  V-shaped. figure  near  the  situation  of  the  fora- 
men caecum.  Each  consists  of  a central  eminence,  surrounded  by  a wall 
or  circumvallation,  from  which  they  derive  their  name.  The  circum- 
vallation,  as  well  as  the  central  eminence,  has  a structure  similar  to  that 
of  thp  fungiform  papillae. 

The  sensitive  nerves  of  the  tongue,  as  above  mentioned,  are  two  in 
number,  namely,  the  lingual  branch  of  the  fifth  pair,  and  the  lingual 
portion  of  the  glossopharyngeal.  The  lingual  branch  of  the  fifth  pair 
enters  the  tongue  at  the  anterior  border  of  the  hyoglossal  muscle.  Its 
branches  pass  from  below  upward  and  from  behind  forward,  between  the 

Fig.  187. 


Diagram  of  the  Tongue,  with  its  sensitive  nerves  and  papillee. — 1.  Lingual  branoh 
of  the  fifth  pair.  2.  Glossopharyngeal  nerve. 

muscular  bundles  of  the  organ,  until  they  reach  its  mucous  membrane. 
The  nerve  fibres  then  penetrate  the  lingual  papillae,  where  they  termi- 
nate, partly  in  the  “ terminal,  bulbs”  already  described  (p.  594),  and 
partly  in  a manner  not  yet  distinctly  ascertained. 

The  lingual  portion  of  the  glossopharyngeal  nerve  passes  into  the 
tongue  below  the  posterior  border  of  the  hyoglossus  muscle.  It  then 
divides  into  various  branches,  which  pass  through  the  muscular  tissue, 
and  are  distributed  to  the  mucous  membrane  of  the  base  and  sides  of 
the  organ. 

The  mucous  membrane  of  the  base  of  the  tongue,  of  its  edges,  and 
of  its  under  surface  near  the  tip,  as  well  as  that  of  the  mouth  and  fauces 
generally,  is  also  supplied  with  mucous  follicles  fumishincr  a viscid 
39 
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secretion  by  which  its  free  surface  is  lubricated.  ffhe  muscles  of  the 
tongue  are  animated  exclusively  by  filaments  ol  the  hypoglossal  nerve. 

The  exact  seat  of  the  sense  of  taste  has  been  determined  by  placing  in 
contact  with  different  parts  of  the  mucous  membrane  a small  sponge, 
moistened  with  a solution  of  some  sweet  or  bitter  substance.  The  ex- 
periments of  Duges,  Verniere,  and  Longet,  have  shown  that  taste  lesides 
in  the  whole  superior  surface,  the  point  and  edges  of  the  tongue,  the  soft 
palate,  fauces,  and  part  of  the  pharynx.  The  base,  tip,  and  edges  of 
the  tongue  possess  the  greatest  amount  of  sensibility  to  savors,  the 
middle  portion  of  its  dorsum  less,  and  its  inferior  surface  little  or  none. 
As  the  whole  anterior  part  of  the  organ  is  supplied  by  the  lingual  branch 
of  the  fifth  pair  alone,  and  the  whole  of  its  posterior  portion  by  the 
glossopharyngeal,  it  follows  that  the  sense  of  taste  is  derived  from  both 


these  nerves. 

Furthermore,  the  tongue  is  supplied,  at  the  same  time  and  by  the  same 
verves , with  general  sensibility  and  with  the  special  sensibility  of  taste. 
The  general  sensibility  of  the  anterior  portion  of  the  tongue,  and  that 
of  the  branch  of  the  fifth  pair  with  which  it  is  supplied,  are  sufficiently 
well  known.  Section  of  the  fifth  pair  destroys  the  sensibility  of  this 
part  of  the  tongue  as  well  as  that  of  the  rest  of  the  face.  Longet  found 
that  after  division  of  the  lingual  branch  of  this  nerve,  the  mucous  mem- 
brane of  the  anterior  two-thirds  of  the  tongue  might  be  cauterized  with 
a hot  iron  or  with  potassium  hydrate  in  the  living  animal,  without  pro- 
ducing any  sign  of  pain.  Reid,  on  the  other  hand,  determined  that 
ordinary  sensibility  exists  in  a marked  degree  in  the  glossopharyngeal 
nerve,  and  is  supplied  by  it  to  the  parts  in  which  its  branches  are  dis- 


tributed. „ . , , , 

A distinction  is  to  be  made,  in  the  action  of  foreign  substances  taken 

into  the  mouth,  between  the  special  impressions  derived  from  their  sapid 
qualities , and  the  general  sensations  produced  by  their  ordinary  physic  a 
properties.  As  the  same  substance  is  often  capable  of  exciting  bo  h 
tactile  and  gustatory  impressions,  the  two  are  sometimes  liable  to  be 
confounded  with  each  other  The  truly  sapid  qualities,  which  we  per- 
ceive by  the  special  sense  of  taste,  are  savors,  designated  by  the  terms 
bitter , saZZ,  sour,  alkaline,  and  the  like.  Beside  these,  however, 
there  are  other  characters,  belonging  to  various  articles  of  food,  vhich 
partake  largely  of  the  nature  of  ordinary  physical  properties,  appreci- 
able by  means  of  general  sensibility.  A starchy,  oily  ov  mucilaginous 
taste  when  uncomplicated  with  additional  savors,  is  but  little  different 
in  kind  from  the  tactile  impressions  produced  by  the  same  substances. 
The  quality  of  pungency , communicated  to  the  food  by  the  use  of  con- 
diments as  pepper  or  nmstard,  is  one  which  is  appreciated  al  oge  her 
by  the  o-enera/ sensibility.  The  styptic  taste  seems  to  be  a combination 
of  an  ordinary  astringent  effect  with  a peculiar  excitement  of  the  gus- 
tatory nerves,  analogous  to  that  caused  by  the  galvanic  stimulus. 

Furtheimo re,  thetaste  or  sauor  of  a substance  is  to  be  distinguished 
from  its  oTorife’rous  properties  or  flavor.  In  most  aromatic  articles  of 
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food,  such  as  tea  and  coffee,  and  the  various  kinds  of  wine,  a great  part 
of  the  effect  produced  is  due  to  the  aroma  or  smell  which  reaches  the 
nares  during  the  act  of  swallowing.  Even  in  many  kinds  of  solid  food, 
such  as  freshly  cooked  meats,  their  odor  takes  a very  important  share  in 
producing  the  impression  on  the  senses.  If,  during  the  deglutition  of 
such  substances,  the  nares  be  compressed  so  as  to  suspend  in  great 
measure  the  sense  of  smell,  their  ordinary  flavor  becomes  nearly  imper- 
ceptible ; and  a similar  effect  is  produced  by  catarrhal  inflammation  of 
the  nasal  passages,  which  suspends  more  or  less  completely  the  sensi- 
bility of  the  olfactory  membrane. 

Necessary  Conditions  of  the  Sense  of  Taste. — There  are  certain  con- 
ditions requisite  for  the  production  of  gustatory  impressions,  beside  the 
integrity  of  the  organ  by  which  they  are  received. 

In  the  first  place,  the  sapid  substance,  in  order  that  its  taste  maj^  be 
perceived,  must  be  brought  in  contact  with  the  mucous  membrane  in  a 
state  of  solution.  So  long  as  it  remains  solid,  however  marked  a savor 
it  may  possess,  it  gives  no  other  impression  than  that  of  a foreign  body 
in  contact  with  the  tongue.  But  if  applied  in  a liquid  form,  it  spreads 
over  the  surface  of  the  mucous  membrane,  and  its  taste  is  perceived. 
Thus  it  is  only  the  liquid  and  soluble  portions  of  the  food  which  are 
tasted,  such  as  the  animal  and  vegetable  juices  and  the  soluble  salts. 
Saline  substances  which  are  insoluble,  such  as  calomel  or  lead  carbonate, 
when  applied  to  the  tongue,  produce  no  gustatory  sensation. 

The  mechanism  of  the  sense  of  taste  is,  in  all  probability,  a direct 
and  simple  one.  The  sapid  substances  in  solution  penetrate  the  lingual 
papillae  by  endosmosis,  and,  coming  in  contact  with  the  terminal  nervous 
filaments,  excite  their  sensibility  by  uniting  with  the  substance  of  which 
they  are  composed.  The  rapidity  with  which  endosmosis  will  take 
place  under  certain  conditions  is  sufficient  to  account  for  the  instanta- 
neous perception  of  sapid  substances  when  introduced  into  the  cavity 
of  the  mouth. 

It  is  on  this  account  that  a free  secretion  of  the  salivary  fluids  is 
essential  to  the  full  performance  of  the  gustatory  function.  If  the 
mouth  be  dry  and  parched,  the  food  seems  to  have  but  little  taste. 
When  the  saliva,  on  the  other  hand,  is  freely  secreted,  it  mixes  readily 
with  the  food  in  mastication,  and  assists  the  solution  of  its  sapid  ingre- 
dients; and  the  fluids  of  the  mouth,  impregnated  with  the  savory  sub- 
stances, are  absorbed  by  the  mucous  membrane,  and  excite  the  gusta- 
tory nerves. 

An  important  part  is  also  taken  in  this  process  by  the  movements  of 
the  tongue.  By  these  movements  the  food  is  carried  from  one  part  of 
the  mouth  to  another,  pressed  against  the  hard  palate,  the  gums,  and 
the  cheeks,  its  solution  assisted,  and  the  penetration  of  fluids  into  the 
papillae  more  rapidly  accomplished.  If  powdered  sugar,  or  a bitter 
extract,  be  simply  placed  upon  the  dorsum  of  the  tongue,  little  or  no 
effect  is  produced  ; but  when  pressed  by  the  tongue  against  the  roof  of 
the  mouth,  as  in  eating  or  drinking,  its  taste  is  immediately  perceived. 
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This  effect  is  easily  explained  ; since  it  is  well  known  how  readily  move- 
ment over  a free  surface,  combined  with  slight  friction,  will  facilitate 
the  solution  and  imbibition  of  solid  substances.  The  nervous  papillae 
of  the  tongue  may  therefore  be  regarded  as  the  essential  organs  of  taste, 
and  the  lingual  muscles  as  its  accessory  organs. 

Impressions  of  taste  made  upon  the  tongue  remain  for  a certain  lime 
afterward.  When  a very  sweet  or  a very  bitter  substance  is  taken  into 
the  mouth,  its  taste  is  retained  for  several  seconds  after  it  1ms  been 
ejected  or  swallowed.  Consequently,  if  several  different  savors  be  pre- 
sented to  the  tongue  in  rapid  succession,  we  become  unable  to  distinguish 
them,  and  they  produce  only  a confused  impression,  made  up  of  the 
union  of  various  different  sensations.  The  taste  of  the  first,  remaining 
in  the  mouth,  is  mingled  with  that  of  the  second,  the  taste  of  both  with 
that  of  the  third,  and  so  on,  until  neither  one  can  be  distinguished.  It 
is  notoriously  impossible  to  recognize  several  different  kinds  of  wine 
with  the  eyes  closed,  if  they  be  repeatedly  tasted  in  quick  succession. 

If  the  substance  first  tasted  have  a particularly  marked  savor,  its 
impression  will  preponderate  over  that  of  the  others.  This  effect  is 
especially  produced  by  substances  which  excite  the  general  sensibility 
of  the  tongue,  such  as  acrid  or  stimulating  powders;  and  it  belongs, 
in  the  greatest  degree,  to  substances  which  are  at  the  same  time  sapid, 
pungent,  and  aromatic,  like  sweetmeats  flavored  with  the  volatile  oils. 
Advantage  is  sometimes  taken  of  this  in  the  administration  of  disagiee- 
able  medicines.  By  first  taking  into  the  mouth  some  highly  flavored 
and  pungent  substance,  nauseous  drugs  may  be  swallowed  immediately 
afterward  with  but  little  perception  of  their  disagreeable  qualities. 


Sense  of  Smell. 

The  distinguishing  character  of  the  sense  of  smell  is  that  it  gives  us 
intelligence  of  the  physical  quality  of  bodies  in  a gaseous  or  vapoious 
condition.  Thus  by  its  aid  it  is  possible  to  detect  the  existence  of  an 
odoriferous  substance  at  a distance,  and  although  it  may  be  concealed 
from  sight.  The  minute  quantity  of  volatile  material  emanating  from 
it,  and  pervading  the  atmosphere,  produces,  by  contact  with  the  olfactory 
membrane,  the  special  sensation  of  smell.  The  sense  of  smell  differs, 
furthermore,  from  that  of  taste  in  being  more  distinctly  localized.  ^ lnle 
the  gustatory  sensibility  is  distributed  over  the  whole  mucous  mem- 
brane covering  the  dorsum  and  base  of  the  tongue,  and  is  supplied  to 
its  various  parts  by  two  different  sensitive  nerves,  that  of  smell  is  con- 
fined to  the  upper  portion  of  the  nasal  passages  and  is  dependent  on 

the  filaments  of  a single  special  nerve. 

The  mucous  membrane  covering  the  superior  and  middle  turbina  ec 
bones  and  the  upper  part  of  the  septum  nasi,  which  is  alone  capable  of 
receiving  odorous  impressions,  and  is  limited  by  a tolerably  well-defined 
outline,  is  known  as  the  olfactory  membrane.  It  is  easily  distingius  - 
able  from  that  of  the  rest  of  the  nasal  passages:  1st,  by  its  color,  which 
in  man,  the  sheep,  and  the  calf  is  yellow,  but  in  most  of  the  other  mam- 
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malia  lias  a brownish  tinge;  2dlj’,  in  its  softer  and  more  succulent 
consistency ; and  3dly,  in  the  greater  thickness,  not  only  of  the  whole 
membrane  but  also  of  its  epithelial  layer.  According  to  Kollilier,  the 
epithelium  of  the  olfactory  membrane,  in  the  sheep  and  the  rabbit,  is 
from  60  to  66  per  cent,  thicker  than  that  of  the  remaining  nasal  mucous 
membrane.  It  also  differs,  according  to  the  same  observer,  in  the 
character  of  its  surface.  In  most  of  the  quadrupeds  the  epithelium  of 
the  Schneiderian  mucous  membrane  generally  is  covered  with  vibrating 
cilia,  which  are  absent  in  the  olfactory  portion  ; though  in  man  the  vibrat- 
ing cilia  may  also  be  found  in  the  epithelium  of  the  olfactory  portion 
itself.  This  difference  of  structure  is  probably  connected  with  the 
inferior  acuteness  of  the  sense  of  smell  in  man,  as  compared  with  many 
of  the  lower  animals. 

The  nasal  passages  are  provided  with  nerves  from  three  different 
sources. 

I.  The  first  and  most  important  of  these  are  the  filaments  of  the 
olfactory  nerve  (Fig.  188,  i).  They  are  derived  immediately  from  the 
olfactory  bulb,  which  rests  upon  the  cribriform  plate  of  the  ethmoid 
bone,  and  from  which  they  penetrate  the  nasal  passages  through  the 
perforations  in  this  bony 

lamina.  An  important  pecu-  Fig.  188. 

liarity,  however,  shows  itself 
in  the  nerve  fibres  of  this 
region.  While  the  substance 
of  the  so-called  olfactory 
nerves  within  the  cranial 
cavity,  as  well  as  that  of  the 
olfactorjr  bulb,  contains  dark 
bordered  medullated  nerve 
fibres,  like  those  in  other 
parts  of  the  white  substance 
of  the  brain,  the  filaments 
which  are  given  off  from  the 
under  side  of  the  olfactory 
bulb,  and  are  distributed  to 
the  olfactory  membrane,  con- 
tain only  pale,  flattened, 
nucleated  nerve-fibres  with- 
out a medullary  layer.  The 
main  question  of  interest  in  regard  to  them  is  that  of  their  final  mode 
of  termination ; but  this,  as  in  so  many  other  similar  cases,  has  thus  far 
escaped  absolute  demonstration.  The  branches  of  the  olfactory  nerves 
requently  divide  and  subdivide,  forming  microscopic  plexuses  in  the 
substance  of  the  olfactory  membrane  ; and  the  finest  nervous  ramifica- 
tions are  to  be  followed  without  doubt  nearly  to  the  epithelial  surface 
of  the  membrane  itself.  According  to  the  researches  of  Schultze,  con- 
rmed  by  these  of  Kolliker  and  Babuchin,  the  epithelium  of  this  part 


Distribution  of  Nerves  in  the  Nasal 
Passages. — 1.  Olfactory  bulb,  with  its  nerves.  2. 
Nasal  branch  of  the  fifth  pair.  3.  Spheno-palatine 
ganglion. 
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consists  of  two  different  kinds  of  elongated  cells,  both  standing  verti- 
cally upon  the  mucous  membrane,  and  closely  adherent  to  each  other  by 
their  lateral  surfaces.  One  portion  arc  analogous  in  form  to  ordinary 
nucleated  columnar  epithelium  cells  ; the  remainder  are  very  slender  and 
filamentous,  except  in  their  middle  portion,  at  the  situation  ol  then  ova 
nucleus.  The  deeper  portion  of  these  cells,  which  is  also  more  slender 
than  the  rest,  has  been  found  to  resemble  the  material  of  the  nerve  Abies 
in  its  reaction  with  solutions  of  gold  chloride;  but  a direct  continuity 
of  substance  between  the  fibres  and  the  cells  has  not  been  s own  in  an 

unequivocal  manner.  , 

There  is  no  doubt  that  the  nerve  filaments  given  off  from  the  olfac- 
tory bulb  are  the  special  agents  for  communicating  impressions  ot  smell, 
and  that  they  are  the  only  ones  endowed  with  olfactory  sensibility. 
This  follows  from  their  exclusive  and  abundant  distribution  to  the  o a - 
tory  portion  of  the  nasal  membrane,  from  their  comparatively  large 
development  in  animals  of  acute  smell,  from  the  absence  of  this  sense 
in  cases  of  congenital,  absence  of  the  olfactory  bulbs,  and  from  its  loss 
in  aninials  after  their  destruction  (p.  515).  So  far  as  we  can  juc  g 
from  the  results  of  experiment,  they  are  not  capable  of  receiving  or 
transmitting  any  other  kind  of  sensibility  than  that  excited  by  odor- 
iferous substances. 

II.  The  second  set  of  nerves  distributed  to  the  nasal  passa0  ■ ' 

sists’of  the  nasal  branch  of  the  fifth  pair , and  its  ramifications  ( ig. 
188  2)  This  nerve,  after  entering  the  cavity  ot  the  nose  just  m adv a c 
of  the  cribriform  plate  of  the  ethmoid  bone,  sends  its  filaments  mainly 
to  the  mucous  membrane  covering  the  inferior  turbinated  bone  and  the 
walls  of  the  inferior  meatus,  which  are  thus  supplied  w.th  generaUen- 
sibilitv  thou  oh  they  are  destitute  of  the  power  of  smell.  t,ome  filame 
Som  Uds  nerve,  however,  are  also  continued  into  the  — membr an 
of  the  olfactory  region,  where  they  run  m proximity  to  those  ot 
olfactory  nerves;  and  this  region,  according  to  tje  observatron^ 
Babuchin,1  possesses  consequently  a certain  am°u  S 

biiitv  though  much  less  than  the  remainder  of  the  nasal  passag  . 

X1I’  The  third  set  are  those  derived  from  the  spheno-palatme  g - 
gUonof  the  sympathetic  (Fig.  188,  3)  which  supply  the  = -- 
Lane  of  the  posterior  part  of  the  nasal  passages  and  the  muscles  aim 
IZ  closure  of  the  posterior  nares.  Finally,  the 
late  the  expansion  of  the  anterior  naies  aie  supp  iec  } 

faC^ecessIry  Conditions  of  the  Sense  of  Smell- In  order  to  produce 
an^lfactory  impression,  the  emanations  of  the  odoriferous  body  nmst 
be  drawn  freely  through  the  nasal  passages.  As  the  sense  of 

z 4-  i-t  these 

ally  faint  or  delicate  odor  is  to  be  perceived,  the  an  ^ ,e_ 

toward  the  superior  turbinated  bones,  by  a peculiar  insp  . y 

In  Strieker’s  Manual  of  Histology,  Buck’s  Edition.  New  York,  1872,  p.  .99- 
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ment  of  the  nostrils,  a movement  which  is  very  marked  in  many  of  the 
lower  animals.  As  the  odoriferous  vapors  arrive  in  the  upper  part  of 
the  nasal  passages,  they  are  probably  dissolved  in  the  secretions  of  the 
olfactory  membrane,  and  thus  brought  into  relation  with  its  nerves. 
Inflammatory  disorders  consequently  interfere  with  the  sense  of  smell, 
both  by  altering  the  secretions  of  the  part,  and  by  producing  a tume- 
faction of  the  mucous  membrane,  which  prevents  the  free  passage  of 
air  through  the  nasal  loss®. 

A distinction  is  also  to  be  made  between  the  perception  of  true  odors. 
and  the  excitement  of  the  general  sensibility  of  the  Schneiderian  mu- 
cous membrane  by  irritating  substances.  Some  of  the  true  odors  are 
similar  in  their  nature  to  impressions  perceived  by  the  sense  of  taste. 
Thus  we  have  sweet  and  sour  smells,  though  none  corresponding  to  the 
alkaline  or  the  bitter  tastes.  Most  of  the  odors,  however,  are  of  a pe- 
culiar nature  and  are  difficult  to  describe;  but  they  are  always  distinct 
from  the  simply  irritating  properties  which  may  belong  to  vapors  as 
well  as  to  liquids.  Thus,  pure  alcohol  has  little  or  no  odor,  and  is  only 
stimulating  to  the  mucous  membrane  ; while  the  odor  of  wines,  cordials, 
and  perfumes,  is  communicated  to  them  by  other  ingredients  of  a vege- 
table origin.  The  vapor  of  pure  acetic  acid  is  simply  irritating ; while 
vinegar  has  also  a peculiar  odor,  derived  from  its  vegetable  constituents. 
Ammonia  is  an  irritating  gas,  but  contains  no  proper  odoriferous  prin- 
ciple. 

The  sensations  of  smell,  like  those  of  taste,  remain  for  a certain  time 
after  they  have  been  produced,  and  modify  in  this  way  other  less  strongly 
marked  odors  presented  afterward.  Asa  general  rule,  the  longer  the 
olfactory  membrane  is  exposed  to  a particular  odor,  the  longer  its 
effect  continues ; and  in  some  cases  it  may  be  perceived  for  many  hours 
after  the  odoriferous  substance  has  been  removed.  Odors,  however,  are 
particularly  apt  to  remain  after  the  removal  or  destruction  of  the  source 
from  which  they  were  derived,  owing  to  the  facility  with  which  they  are 
entangled  bjr  porous  substances,  such  as  plastered  walls,  carpets,  hang- 
ings, and  woollen  clothes. 

The  sense  of  smell,  which  is  only  moderately  developed  in  the  human 
species,  is  excessively  acute  in  some  of  the  lower  animals.  Thus,  the 
dog  will  not  only  discover  game  and  follow  it  by  the  scent,  but  will  dis- 
tinguish particular  individuals  by  their  odor,  or  recognize  articles  of 
dress  belonging  to  them  by  the  minute  quantity  of  odorifei’ous  vapor 
adhering  to  their  substance. 


Sense  of  Sight. 

This  is  the  most  remarkable  of  all  the  senses,  both  for  the  special 
nature  of  the  impressions  which  it  receives,  the  complicated  structure 
of  its  apparatus,  and  the  variety  and  value  of  the  information  which  it* 
affords  with  regard  to  external  objects.  It  is  by  this  sense  that  we 
receive  the  impressions  of  light  and  color,  with  all  their  modifications  . 
of  intensity  and  combination,  and  acquire  our  principal  ideas  of  form, 
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space,  and  movement.  The  organs  of  touch,  taste,  and  smell,  in  order 
to  perform  their  functions,  must  be  placed  in  actual  contact  with  the 
foreign  substances  which  excite  their  activity  ; and  even  that  of  hearing 
is  affected  only  by  the  sonorous  vibrations  of  the  atmosphere,  or  of  some 
other  solid  or  fluid  medium.  But  the  eye  is  equally  sensitive  to  the 
impressions  of  light,  whether  it  come  from  near  or  remote  objects,  or 
even  from  the  immeasurable  distances  of  the  fixed  stars.  It  is  also 
superior  to  the  other  organs  of  special  sense  in  the  rapidity  of  its  action, 
and  in  the  delicacy  of  the  distinctions  which  it  is  capable  of  making 
in  the  physical  qualities  of  external  objects  ; and  it  affords  the  most 
continuous  and  indispensable  aid  for  all  the  ordinary  occupations  of 
life. 

Organ  of  Vision. — The  eyeball  consists  of  a spheroidal  fibrous  sac, 
the  sclerotic  coat  (Fig.  189,  2),  filled  with  fluid  and  gelatinous  material, 


Fig.  189. 


body. 


provided  anteriorly  with  a transparent  portion,  the  cornea  (3),  and 
lined  at  its  posterior  part  with  a nervous  expansion,  the  retina  («), 
which  is  sensitive  to  light,  and  which  receives  the  luminous  rays  ad  mi 
ted  through  the  cornea.  The  cavity  of  the  eyeball  is  therefore  like  that 
bf  a room  with  but  one  window,  where  all  the  light  which  enters  from  the 
front  necessarily  strikes  the  back  wall  of  the  apartment.  There  are,  in 
addition  to  the  above-mentioned  parts,  a transparent  refracting  body 
with  convex  surfaces,  the  crystalline  lens  ( 8 ),  by  which  the  iP 
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concentrated  at  the  level  of  the  retina ; a perforated  muscular  curtain 
or  diaphragm,  the  iris  (7),  placed  in  front  of  the  lens,  which  regulates 
the  quantity  of  light  admitted  through  its  central  orifice,  the  pupil ; and 
finally  a vascular  membrane  with  an  opaque  layer  of  blackish-brown 
pigment,  the  choroid  ( 5 ),  which  lines  the  whole  inner  surface  of  the 
sclerotic  and  the  posterior  surface  of  the  iris,  thus  preventing  reflec- 
tions within  the  eye,  and  absorbing  all  the  light  which  has  once  passed 
through  the  substance  of  the  retina.  The  construction  of  the  eyeball, 
in  its  general  arrangement  as  an  organ  of  vision,  is  not  unlike  that  of 
a photographic  camera ; where  the  sensitized  plate  at  the  back  part 
represents  the  retina,  the  blackened  inner  surface  of  the  box  the  choroid, 
while  the  lenses  of  the  tube  in  front  perforin  the  office  of  the  crystalline 
lens  and  cornea  of  the  eyeball. 

Sclerotic  Coat — The  sclerotic,  so  named  from  its  toughness  and  re- 
sistance, is  the  external  coat  and  protective  membrane  of  the  eyeball.  It 
is  composed  of  condensed  layers  of  connective  tissue,  similar  to  those 
of  the  fasciae  and  membranous  tendons  in  general ; and  toward  its  an- 
terior third  it  receives  the  tendons  of  the  external  muscles  of  the  eyeball, 
which  become  fused  with  its  substance.  Posteriorly  it  is  continuous 
with  the  neurilemma  of  the  optic  nerve  (Fig.  189,  l),  which  penetrates  it 
from  behind  at  its  point  of  entrance  into  the  eyeball.  A portion  of  the 
sclerotic  is  visible  anteriorly  through  the  conjunctiva,  forming  the  so- 
called  “white”  of  the  eye. 

Cornea. — The  cornea,  which  derives  its  name  from  its  firm  consistency 
and  homogeneous  appearance,  resembling  that  of  horn,  forms  the  anterior 
part  of  the  wall  of  the  eyeball.  It  is  inserted  into  the  nearly  circular 
space  left  at  this  situation  by  the  deficiency  of  the  sclerotic,  with  the 
texture  of  which  it  is  continuous  at  its  edges  ; the  difference  in  the  phy- 
sical appearance  of  the  two  being  that  the  sclerotic  is  white  and  opaque, 
while  the  cornea  is  colorless  and  transparent,  so  that  the  colored  iris 
and  dark  pupil  are  visible  through  its  substance.  The  surface  of  the 
cornea  has  a sharper  curvature  than  that  of  the  sclerotic,  so  that  it  pro- 
jects from  the  front  of  the  eyeball,  like  a smaller  dome  set  upon  a larger 
one.  Its  outline,  where  it  joins  the  edge  of  the  sclerotic,  is  a little  oval 
in  form,  the  transverse  diameter  of  the  cornea,  in  man,  being  slightly 
longer  than  the  vertical.  At  its  centre,  it  is  about  0.8  millimetre  in 
thickness,  becoming  a little  thicker  at  its  edges.  Its  anterior  surface  is 
kept  polished  and  brilliant  by  the  watery  secretion  of  the  lachrymal 
glands,  distributed  over  it  by  the  frequent  movements  of  the  eyeball 
and  the  lids. 

At  the  outer  border  of  the  cornea,  where  it  joins  the  sclerotic,  and 
where  the  tissues  of  the  twTo  membranes  pass  into  each  other,  there  is  a 
small  cavity,  running,  in  the  form  of  a circular  canal,  the  canal  of 
Schlemm  (Fig.  189,  ■)),  through  the  thickness  of  this  part  of  the  wall 
of  the  eyeball.  The  inner  wall  of  the  canal  of  Schlemm  is  composed  of 
elastic  and  tendinous  tissue,  and  gives  attachment  to  the  fibres  of  the 
ciliary  muscle  on  the  one  hand,  and  on  the  other  to  the  outer  border  of 


610 


THE  SENSES. 


the  iris.  The  canal  itself  is  regarded  by  most  anatomists  as  occupied 
by  a venous  plexus,  which  receives  veins  from  the  ciliary  muscle  and 

from  the  anterior  part  of  the  sclerotic.  _ 

Choroid The  choroid  coat  is  a vascular  and  pigmentary  membrane, 

liniim  the  inner  surface  of  the  sclerotic,  and  presenting  anteriorly  a thick- 
ened  portion,  the  “ ciliary  body.”  The  inner  part  of  the  ciliary  body 
is  thrown  into  a series  of  radiating  folds,  the  “ciliary  processes,”  which 
surround  the  borders  of  the  crystalline  lens.  The  internal  surface  of  the 
choroid  is  occupied  by  a layer  of  hexagonal  nucleated  cells,  closely  packed 
side  by  side,  and  filled  with  granules  of  blackish-brown  pigment  Similar 
pigment  is  also  deposited,  though  less  abundantly,  in  the  substance  and 
near  the  external  surface  of  the  choroid.  At  its  anterior  part  the  cho- 
roid is  separated  from  the  internal  surface  of  the  sclerotic  by  the  ciliary 
muscle  (Fig  189,  o).  This  muscle  is  composed  of  unstriped  fibres,  w hie 
l rSe  inner  wall  of  the  canal  of  Schlemm,  at  the  junction  of 
the  sclerotic  and  cornea,  and  thence  diverge  in  a radiating  directio  , 
outward  and  backward,  to  be  inserted  into  the  external  surface  of  the 
choroid,  at  the  point  where  it  begins  to  pass  into  the  folds  of  ciln  y 
processes.  At  the  anterior  and  inner  part  of  the  muscle  there  are 
bundles  of  circular  fibres,  running  parallel  with  the  margin  of  the  cornea 
The  whole  muscle  is  thus  composed  of  two  parts;  namely,  an  interna 
circular,  and  an  external  radiating  portion,  the  fibres  of  which  are : mor  e 01 
less  interwoven  with  each  other  at  the  inner  edge  of  the  musculai  laje  . 

Iris The  iris  is  a variously  colored  membrane,  extending  aci 

the  antero-posterior  axis  of  the  eyeball,  attached  by  its  externa  border 
to  the  inner  wall  of  the  canal  of  Schlemm,  and  presenting  at  its  centre 
Tbe  neXoircalar  orifice  of  the  pupil.  It  consists  of  connect, v-e  and 
muscular  tissue,  with  an  abundant  supply  of  bloodvessels,  and  is  coiei 
on  its  posterior  surface  by  a layer  of  blackish-brown  pigment  cells,  con- 
tinuous with  that  of  the  choroid.  The  color  of  the  ms,  which mppe ;a  , 
in  different  individuals,  blue,  gray,  brown,  or  black,  depends  upo 

abundance  and  disposition  of  its  pigmentary  elements. JZht  oi  its 
eyes,  the  visible  hue  of  the  iris  depends  upon  the  dfffused  light  o 
semi-transparent  tissues,  seen  against  the  dark  back-groun  h P = 

ment  lavev  upon  its  posterior  surface.  In  brown ^ and  black . eyes,  the 
pigment  is  more  abundant,  and  is  deposited,  accord  ng  to  Ko  1 Q . 
Cruveilhier,  not  only  upon  the  posterior  aspect  of  the  ms,  but  also 
H stroma  between  its  fibres,  and  to  some  extent  even  upon  its  anterior 
surface  It  thus  predominates,  and  extinguishes  more  or  less  corn- 
pletely  the  reflected  and  diffused  light  of  the  remaining  elements  of  the 

^ The  nosition  of  the  iris  is  such  that  while  its  outer  border  is  attached 
i Optique  Pliysiologique,  traduit  par  Javal  et  Klein.  Pans,  186 1,  p.  20. 
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nearly  flat  that  it  throws  no  perceptible  shadow  under  an  extreme  late- 
ral illumination ; but  in  normal  e3*es,  as  a rule,  the  portion  immediately 
surrounding  the  pupil  is  sufficiently  prominent  to  throw  a distinct 
shadow;  and  if  the  source  of  illumination  be  not  more  than  one  milli- 
metre in  advance  of  the  edge  of  the  cornea,  this  shadow  may  extend 
even  to  the  opposite  border  of  the  iris. 

When  the  pupil  dilates,  the  central  prominence  of  the  iris  of  course 
diminishes,  or  even  disappears  altogether ; but,  according  to  Helmholtz, 
the  pupillary  border  of  the  iris  hardly  separates  from  the  anterior  face 
of  the  lens,  even  in  the  most  complete  dilatation  obtainable  by  bella- 
donna. 

An  important  portion  of  the  structure  of  the  iris  is  formed  by  its 
muscular  fibres.  These  are  arranged  in  two  sets,  both  of  which  consist 
of  unstriped  fibres,  namely,  the  sphincter  and  the  dilator  muscles  of  the 
pupil. 

The  sphincter  pupillse  is  composed  of  bundles  of  muscular  fibres, 
situated  at  the  pupillary  margin  of  the  iris,  and  circularly  disposed,  in 
such  a manner  that  their  coutraction  has  the  effect  of  diminishing  the 
orifice  of  the  pupil,  while  their  relaxation  allows  of  its  enlargement. 
When  the  sphincter  is  in  a state  of  moderate  contraction,  the  remaining 
non-contractile  portions  of  the  iris  are  thrown  into  radiating  folds, 
which  can  be  readily  seen,  under  the  influence  of  ordinary  daylight, 
extending  from  the  pupillary  margin  for  one-third  or  one-half  the  dis- 
tance toward  its  outer  border. 

The  dilator  pupillse , which  consists  of  radiating  muscular  fibres,  is 
much  more  difficult  of  demonstration,  and  its  existence  in  man  con- 
tinued to  be  a matter  of  uncertainty,  even  after  it  was  known  to  be 
present  in  the  lower  animals.  It  has,  however,  been  described  by  so 
many  independent  observers,  that  there  can  be  no  doubt  of  its  forming 
a normal  part  of  the  muscular  apparatus  of  the  iris.  Its  fibres  are 
interwoven  with  those  of  the  sphincter  at  the  pupillary  margin,  and 
extend  thence  in  a diverging  direction  toward  the  attached  border ; 
either  as  isolated  bundles  running  between  the  bloodvessels  (Briicke, 
Kolliker),  or  as  a very  thin,  continuous  sheet  of  fibres,  covering  the 
whole  posterior  surface  of  the  iris,  immediately  underneath  its  pig- 
• mentary  layer  (Henle,  Iwanoff).  According  to  Kolliker,  the  iris  also 
contains  elements  analogous  to  the  fibres  of  elastic  tissue,  which  may 
thus  assist  the  action  of  the  dilator. 

Notwithstanding  the  acknowledged  existence  of  both  these  muscles, 
and  their  evident  physiological  association  with  each  other,  the  action 
of  the  sphincter  is  much  the  most  prominent  and  the  most  clearly 
understood.  It  is  this  muscle  which  contracts  under  the  influence  of 
light  falling  upon  the  retina,  causing  contraction  of  the  pupil,  and  which 
relaxes  when  the  stimulus  is  withdrawn,  causing  dilatation.  The  con- 
traction of  the  pupil  is  therefore,  for  the  most  part,  an  active  movement; 
its  dilatation  a passive  one.  Division  of  the  oculomotorius  nerve,  loss 
of  sensibility  in  the  retina,  opacity  of  the  crystalline  lens,  or  insensi- 
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bility  from  cerebral  compression,  arc  all  followed  by  dilatation  of  the 
pupil ; and  the  same  thing  takes  place  immediately  after  death.  In  the 
normal  reflex  actions  of  expansion  and  contraction  of  the  pupil,  under 
the  varying  intensity  of  illumination,  the  fibres  of  the  sphincter  are 
those  which  alternately  contract  and  relax  in  a manner  analogous  to 
that  of  the  voluntary  muscles  ; while  those  of  the  dilator  are  more  con- 
tinuous in  their  operation,  and  are  under  the  control  ol  different  nervous 


influences. 

The  pigmentary  layer  which  is  continued  uninterruptedly,  except  at 
the  entrance  of  the  optic  nerve,  over  the  internal  surface  of  the  choroid, 
the  ciliary  processes,  and  the  posterior  surface  of  the  iris,  is  called  the 
system  of  the  uvea,  from  its  resemblance  to  the  skin  of  a purple  grape 
separated  from  its  stem ; the  opening  of  the  membranous  sac  at  the 
point  of  detachment  representing  the  orifice  of  the  pupil.  Owing  to  the 
existence  of  this  continuous  pigmentary  layer,  no  light  can  penetrate 
the  eyeball  excepting  that  which  enters  through  the  pupil;  and  the 
rays,  furthermore,  which  reach  the  retina  at  any  point  are  arrested 
there,  and  prevented  from  being  dispersed  by  reflection  over  other  parts 

of  the  membrane. 

Aqueous  Humor  and  Vitreous  Body.— By  the  transverse  partition  of 
the  iris,  the  cavity  of  the  eyeball  is  divided  into  two  portions  an  anterior 
and  posterior.  The  portion  situated  in  front  of  the  iris,  called  the  • an- 
terior chamber,”  is  filled  with  a colorless,  transparent  fluid,  of  watery 
consistency,  the  aqueous  humor.  This  fluid  is  to  be  regarded  as  an 
extremely  dilute  exudation  from  the  bloodvessels  of  the  sui rounding 
parts,  especially  from  those  of  the  iris  ; since  it  consists  mainly  of  water, 
holding  in  solution  less  than  two  per  cent,  of  solid  ingredients,  namely, 
sodium  chloride  and  other  inorganic  salts  derived  from  the  blood,  wi 
a trace  of  albuminous  matter.  It  is  faintly  alkaline  m reaction  and 
has  a refractive  power  but  slightly  different  from  that  of  water.  I 
is  rapidly  reproduced  after  evacuation  by  puncture  of  the  cornea.  It 
serves  to  maintain  the  internal  tension  ot  the  anterior  parts  of  the  eye- 
ball,  and  to  allow  of  the  changes  of  figure  of  the  ms  and  crystalline 
lens,  without  affecting  the  external  configuration  of  the  cornea.  1 
posterior  and  larger  portion  of  the  cavity  of  the 

by  a semifluid  substance,  the  vitreous  body,  so.  called  from  ts  tra  s 
narent  and  olassy  appearance.  Its  composition  is  similar  to  that  of  the 
aqueous  humor,  excepting  for  the  larger  proportion  of  albuminous 
matter  which  gives  it  more  or  less  of  a gelatinous  consistency . 
refractive  pow®,  according  to  Helmholtz,  though  slightly  greater  than 
^at  of  the  aqueous  humor,  does  not  differ  much  from  that  ofwaten 
It  distends  the  principal  part  of  the  cavity  of  the  scterotic  i ral 
retina  which  is  extended  over  its  surface,  and  preserves  the  gene 

BPS“eo™  S Sloped  by  an  exceedingly  thin,  colorless 
membrane,  for  the  most  part  without  definite  structure,  and  measm 
according  to  Roll, Iter,  not  more  than  4 rnmrn.  m thickness.  Ibis 
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“h}’aloid  membrane”  (Fig.  189, 10).  Its  inner  surface  is  in  contact  with 
the  vitreous  body,  its  outer  surface  with  the  retina.  It  extends  unin- 
terruptedly over  the  posterior  and  middle  portions  of  the  vitreous  body 
until  it  reaches  a point  anteriorly  corresponding  with  the  ciliary  body 
of  the  choroid.  Here  it  becomes  thicker  and  divides  into  two  layers. 
The  anterior  laj’er,  which  is  the  stronger  of  the  two,  the  zone  of  Zinn , 
extends  forward  and  inward,  remaining  adherent  to  the  folds  of  the 
ciliary  body,  and  terminates  in  the  capsule  of  the  crystalline  lens,  just 
in  front  of  its  lateral  border.  The  posterior  layer  of  the  hyaloid  mem- 
brane, after  separating  from  the  anterior,  passes  inward  and  a little 
backward,  and  terminates  also  in  the  capsule  of  the  lens,  but  a little 
behind  its  lateral  border.  The  triangular  canal  left  between  the  two 
separated  layers  of  the  hyaloid  membrane  and  the  lateral  border  of  the 
lens  is  the  canal  of  Petit  (Fig.  189,  n),  and  is  filled  with  a little  trans- 
parent serosity.  The  lens  is  thus  suspended  on  all  sides  by  a double 
layer  derived  from  the  hyaloid  membrane.  The  anterior  portion  of 
this  double  layer,  or  the  zone  of  Zinn,  being  the  stronger  of  the  two, 
and  presenting  a distinctly  fibrillated  texture,  is  regarded  as  more 
especially  fulfilling  the  part  of  a suspensory  ligament  of  the  crystalline 
lens. 

Crystalline  Lens. — The  lens  is  a transparent,  refractive  body,  of  cir- 
cular form,  with  convex  anterior  and  posterior  surfaces,  placed  directly 
behind  the  pupil,  and  retained  in  its  position  by  the  counterbalancing 
pressure  of  the  aqueous  humor  and  the  vitreous  body,  and  by  the  two 
layers  of  the  hyaloid  membrane  attached  to  its  capsule  round  its  circular 
border.  It  is  composed  of  flattened  fibres,  adherent  to  each  other  by 
their  adjacent  surfaces  and  edges,  and  so  arranged  as  to  pass  in  a 
curvilinear  direction,  parallel  to  the  surface  of  the  lens,  from  one  of  its 
two  opposite  poles  to  the  other.  Notwithstanding  the  fibrous  structure 
of  the  lens,  the  ribbon-shaped  elements  of  which  it  is  composed  being 
united  by  simple  juxtaposition,  without  the  intervention  of  any  different 
material,  the  entire  body  is  transparent,  and  allows  the  passage  of  the 
light  without  perceptible  absorption  or  irregular  dispersion. 

As  the  refractive  power  of  the  substance  of  the  crystalline  is  greater 
than  that  of  the  cornea  or  the  aqueous  humor,  it  acts,  by  virtue  of  its 
double-convex  form,  as  a converging  lens,  to  change  the  direction  of 
the  luminous  rays  passing  through  it,  and  bring  them  to  a focus  at 
some  point  situated  behind  its  posterior  surface.  The  amount  of  con- 
vergence thus  effected  by  a refractive  lens  depends  both  upon  the  index 
of  refraction  of  the  substance  of  which  it  is  composed  and  the  greater 
or  less  curvature  of  its  surfaces.  The  stronger  the  curvatures,  for 
lenses  composed  of  the  same  material,  the  greater  the  amount  of  con- 
vergence impressed  upon  luminous  rays  passing  through  them.  In  the 
case  of  the  crystalline  lens  of  the  human  eye,  the  two  surfaces  are  dif- 
ferent in  curvature  ; the  anterior  surface  being  comparatively  flat,  the 
posterior  much  more  convex.  According  to  the  estimates  of  Listing, 
based  upon  a variety  of  measurements,  and  adopted  by  Helmholtz,  the 
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radius  of  curvature  for  the  anterior  surface  is,  on  the  average,  10  milli- 
metres, that  for  the  posterior  surface  G millimetres. 

This  makes  the  crystalline  lens  the  most  powerfully  refracting  body  in 
the  eyeball,  and  by  it  said  parallel  or  diverging  luminous  rays,  after  pass- 
ing through  the  pupil,  are  brought  to  a focus  at  the  situation  ot  the 
retina.  This  effect  is  not  due  entirely  to  the  lens,  since  the  convex  form 
of  the  cornea  and  the  more  or  less  spheroidal  figure  of  the  whole  eye- 
ball necessarily  have  in  some  degree  a similar  action  upon  rays  enter- 
in  o-  from  the  front.  According  to  Helmholtz,  parallel  rays  would  be 
brbught  to  a focus  by  the  cornea  alone,  if  they  were  sufficiently  pro- 
longed, at  a point  situated  10  millimetres  behind  the  retina.  But  on 
passing  through  the  lens,  their  convergence  is  increased  to  such  a degree 
that  they  are  concentrated  at  the  situation  of  the  retina  itself. 

The  function  of  the  crystalline  lens  is  to  produce  distinct  perception 
of  form  and  outline.  If  the  eye  consisted  merely  ot  a sensitive  retina 
covered  with  transparent  integument,  although  the  impressions  of  light 
would  be  received  by  such  a retina,  they  could  give  no  idea  of  the  form 
of  particular  objects,  but  would  only  produce  the  sensation  of  a confused 
luminosity.  This  condition  is  illustrated  in  Fig.  190  where  the  arrow 
a b represents  the  luminous  object,  and  the  vertical  dotted  line,  at  the 
*,ht  o the  diagram,  represents  the  retina.  The  rays,  diverging  from 
every  point  of  L object  in  every  direction,  will  thus  reach  every  part 
of  the  retina.  The  different  parts  of  the  retina,  consequently,  1,  3,  4 

will  each  recrive  rays  coming  both  from  the  point  of  the  arrow,  « and 
from  its  butt,  b.  There  will,  therefore,  be  no  distinction,  upon  the  retina 
between  the  different  parts  of  the  object,  and  no  definite  perception  o 
its  figure  But  if,  between  the  object  and  the  retina,  there  be  inserted  a 
double  convex  refracting  lens,  with  the  proper  curvatures  and  density, 
as  in  Fig.  191,  the  effect  will  be  different.  All  the  rays  emanating  from 

Fig.  191. 


Fig.  190 


Vision  without  a Lens. 


Vision  with  a Lens. 
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tlie  whole  of  the  paper  will  be  moderately  and  uniformly  illuminated  by 
the  diverging  rays.  But  if  a double  convex  glass  lens,  with  suitable 
curvatures,  be  interposed  between  the  paper  and  the  light,  the  outer 
portions  of  the  paper  will  become  darker  and  its  central  portion  brighter, 
because  a portion  of  the  rays  are  diverted  from  their  original  course  and 
bent  inward  toward  each  other.  By  varying  the  position  of  the  lens 
and  its  distance  from  the  paper,  a point  will  at  last  be  found,  where 
none  of  the  light  reaches  the  external  parts  of  the  sheet,  but  all  of  it  is 
concentrated  upon  a single  spot ; and  at  this  spot  will  be  seen  a distinct 
inverted  image  of  the  end  of  the  candle  and  its  flame. 

Distinct  perception  of  the  figure  of  external  objects  thus  depends 
upon  the  action  of  the  crystalline  lens  in  converging  all  the  rays  of 
light,  emanating  from  a given  point,  to  an  accurate  focus  at  the  retina. 
For  this  purpose,  the  density  of  the  lens,  the  curvature  of  its  surfaces, 
and  its  distance  from  the  retina,  must  all  be  properly  adapted  to  each 
other.  If  the  lens  were  too  convex,  and  its  refractive  power  excessive, 
or  if  its  distance  from  the  retina  were  too  great,  the  rays  would  con- 
verge to  a focus  too  soon,  and  would  not  reach  the  retina  until  after 
they  had  crossed  each  other  and  become  partially  dispersed,  as  in  Fig. 
192.  The  visual  impression,  therefore,  coming  from  any  particular  point 
in  the  object,  would  not  be  concentrated  and  distinct,  but  diffused  and 
dim,  from  being  dispersed  more  or  less  over  the  retina,  and  interfering 
with  the  impressions  from  other  parts.  On  the  other  hand,  if  the  lens 
were  too  flat,  as  in  Fig.  193,  or  placed  too  near  the  retina,  the  rays 


would  fail  to  come  together  at  all,  and  would  strike  the  retina  sepa- 
rately, producing  a confused  image,  as  before.  In  both  these  cases,  the 
immediate  cause  of  the  confusion  of  sight  is  the  same,  namely,  that 
rays  coming  from  the  same  point  of  the  object  strike  different  points  of 
the  retina ; but  in  the  first  instance,  this  is  because  the  rays  have  actually 
converged  and  crossed  each  other  ; in  the  second,  it  is  because  they  have 
only  approximated,  but  have  never  converged  to  a focus. 

The  proof  that  the  rays  emanating  from  luminous  objects  are  ac- 
tually thus  concentrated,  in  the  interior  of  the  living  eye,  upon  the 
retina,  is  furnished  by  the  use  of  the  ophthalmoscope.  This  instrument 
consists  essentially  of  a mirror,  so  placed  as  to  illuminate  by  reflected 
light,  through  the  pupil,  the  bottom  of  the  eye  which  is  under  observa- 


Fig.  193. 


Indistinct  Image  from  deficient 
refraction. 


Fig.  192. 


Indistinct  Image  from  excessive 
refraction. 
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tion,  and  perforated  at  its  centre  by  a small  opening  through  which  the 
observer  looks.  By  this  means  the  retina  and  its  vessels,  as  well  as 
the  images  delineated  upon  it,  may  be  distinctly  seen.  According  to 
the  observations  of  Helmholtz,  objects  at  a certain  distance,  which  aic 
perceived  with  distinctness,  present  to  the  eye  of  the  observer,  if  suffi- 
ciently illuminated,  perfectly  well-defined  inverted  images  upon  the  ret- 
ina, like  those  which  would  be  thrown  upon  a screen  by  a system  of  glass 
lenses  properly  arranged.  If  the  eyeball  furthermore  be  taken  out  bom 
a recently  killed  animal,  and  a circular  portion  of  the  sclerotic  and  choroid 
removed  from  its  posterior  part,  similar  inverted  images  of  illuminated 
objects  in  front  of  the  cornea  may  be  seen  by  transparency  upon  the 
exposed  portion  of  the  retina. 

It  is  accordingly  certain  that  luminous  rays  in  passing  through  the 
eyeball  are  brought  to  a focus  at  the  retina,  principally  by  means  of  the 
crystalline  lens.  The  formation  of  a visible  image  at  this  spot  does 
not  by  itself  explain  all  the  phenomena  of  vision,  since  these  images 
are  not  seen  by  the  individual,  and  we  should  not  even  know  of  their 
existence  except  for  the  results  of  physiological  experiment  and  obser- 
vation. But  the  formation  of  such  an  image  shows  that  all  the  light 
comino-  from  each  different  part  of  the  object  is  made  to  fall  upon  a 
separate  and  distinct  point  of  the  retina;  and  it  thus  becomes  possible 
to  perceive  the  figure  and  extension  of  an  object,  as  well  as  its  luminosity. 

Retina. The  retina  is  the  most  essential  part  of  the  organ  ot  vision, 

since  it  is  the  only  one  of  its  tissues  directly  sensitive  to  light.  It 
forms  a delicate,  colorless,  nearly  transparent  membrane,  composed 
of  nervous  elements,  situated  between  the  inner  surface  of  the  choroid 
and  the  outer  surface  of  the  hyaloid  membrane,  and  extending  from  the 
entrance  of  the  optic  nerve  outward  and  forward  to  the  commencement 
of  the  ciliary  body.  Here  it  terminates  by  an  indented  border,  termed 
the  ora  serrata , which  is  situated  nearly  at  the  plane  of  the  posterior 
surface  of  the  crystalline  lens.  In  front  of  this  region  it  is  replaced  by 
an  attenuated  layer,  which  remains  in  contact  with  the  suiface  of  the 
ciliary  body,  but  which  contains  no  nervous  elements.  The  retina 
proper  has,  accordingly,  the  form  of  a thin  membrane  mou  ded  upon  a 
nearly  hemispherical  surface,  the  concavity  of  which  is  directed  for- 
wardfand  which  receives  the  luminous  rays  admitted  through  the  pupil, 
and  traversing  the  transparent  and  refracting  media  of  the  eyeball.  s 
greatest  thickness  is  in  the  immediate  vicinity  ot  the  entrance  of  lie 
optic  nerve,  where  it  measures,  according  to  Kolliker,  0.40  millimetre. 
At  a short  distance  from  this  point  it  is  reduced  to  0.20,  and  thence 
becomes  gradually  thinner  in  its  middle  and  anterior  portions  At  its 
Srmhial  border,  at  the  ora  serrata,  it  is  only  0.09  millimetre  in  thickness 
The  retina  consists  of  a variety  of  superimposed  layers,  in  which 
many  different  microscopic  elements  alternate  with  each  other.  In  re- 
ear/to  its  physiological  properties,  so  far  as  these  have  been  dot 
mined  with  a sufficient  degree  of  certainty,  four  of  these  layers  may  be 
distinguished  as  representing  the  essential  constituent  parts 
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membrane.  These  layers,  counting  from  the  internal  to  the  external 
surface  of  the  retina,  are  as  follows:  1.  The  layer  of  nerve  fibres,  de- 
rived from  the  expansion  of  the  optic  nerve;  2.  The  ganglionic  layer 
of  nerve  cells;  3.  The  layer  of  nuclei;  4.  The  layer  of  rods  and 
cones. 

1.  Layer  of  Nerve  Fibres. — The  optic  nerve  joins  the  posterior  part 
of  the  eyeball  at  a point  about  2 millimetres  inside  its  longitudinal  axis, 
and  slightly  below  the  horizontal  plane  of  this  axis.  The  neurilemma 
of  the  nerve  at  once  becomes  continuous  with  the  sclerotic  coat  of  the 
eyeball,  while  the  nerve  fibres  alone  penetrate  into  its  cavity.  Up  to 
this  point  the  fibres  of  the  optic  nerve  present  the  usual  dark-bordered 
appearance  of  medullated  nerve  fibres,  and  have,  according  to  Kolliker, 
a diameter  of  from  1 to  4.5  mmm.  But  at  their  entrance  into  the  cavity 
of  the  eyeball  the  nerve  fibres  not  only  lose  the  prolongations  of  con- 
nective tissue  which  previously  surrounded  their  different  bundles,  but 
also  become  much  smaller  in  size,  being  reduced,  on  the  average,  to 
less  than  2 mmm.,  and  many  of  them  to  less  than  1 mmm.  in  diameter. 
Owing  to  these  changes,  the  nerve  appears  suddenly  diminished  in  size 
at  its  passage  through  the  sclerotic  and  choroid  membranes.  Internally 
it  forms  a slight  prominence  on  the  inner  surface  of  the  wall  of  the  eye- 
ball, the  so-called  papilla ; and  from  a depression  at  its  middle  part,  the 
cential  artery  and  vein  of  the  retina  send  out  their  branches  to  supply  the 
letinal  capillary  plexus.  Prom  the  papilla  as  a centre  the  optic  nerve 
fibres,  which  have  thus  reached  the  inner  surface  of  the  retina,  diverge 
in  every  direction  under  the  form  of  a closely  set  layer.  This  layer 
diminishes  gradually  in  thickness  from  within  outward,  and  from  behind 
forward,  owing  to  the  fact  that  the  nerve  fibres  of  which  it  is  composed 
terminate  successively  in  the  deeper  parts  of  the  membrane,  thus  estab- 
lishing a connection  between  every  point  of  the  retina  and  the  nervous 
centres  in  the  brain.  The  longest  fibres  continue  their  course  until  they 
reach  the  ora  serrata  at  the  anterior  limit  of  the  retina,  beyond  which 
none  are  visible. 

2.  Ganglionic  Layer  of  Nerve  Cells. — This  layer  is  situated  imme- 
diately outside  the  former,  and  contains,  as  its  special  distinguishing 
element,  multipolar  nerve  cells,  similar  to  those  of  the  gray  matter  of 
the  brain.  According  to  Kolliker,  they  vary  in  size  from  9 to  36  mmm. 
in  diameter,  and  are  provided  with  a number  of  pale,  ramified  prolonga- 
tions. Some  of  these  prolongations  are  directed  outward,  penetrating 
into  the  more  external  portions  of  the  retina;  others  pass  in  a horizon- 
tal direction,  and,  according  to  some  observers  (Kolliker,  Miiller,  Corti) 
become  connected  with  optic  nerve  fibres.  For  the  most  part,  however’ 
it  is  only  the  identity  in  appearance  between  some  of  the  prolongations 
ot  these  nerve  cells  and  the  more  slender  optic  nerve  fibres,  which  leads 
to  the  presumption  of  their  direct  terminal  continuity.  It  is,  in  any 
ease,  possible  that  some  of  the  fibres  of  expansion  of  the  optic  nerve 
are  connected  with  prolongations  of  the  nerve  cells,  while  others  con- 
mue  their  course  to  the  deeper  layers  of  the  retinal  tissue. 
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3.  Layer  of  Nuclei.— The  layer  of  nuclei  is  so  called  because  its  most 
characteristic  elements  have,  in  the  main,  the  aspect  ol  nuclei;  although 
by  some  observers  (Kolliker,  Schultze),  they  are  regarded  as  having 
rather  the  signification  of  nucleated  cells,  in  which  the  enveloping  cell- 
substance  is  in  small  quantity  as  compared  with  the  size  ol  the  nucleus. 
The  nuclei  themselves,  sometimes  called  “grains”  or  “granules,”  aie 
oval  bodies,  placed  with  their  long  axes  perpendicular  to  the  surface 
of  the  retina.  There  are  two  varieties  of  them  mingled  together,  which 
differ  mainly  in  size  ; the  larger  being  from  9 to  13  mmm.  in  length,  the 
smaller  one-half  or  two-thirds  as  long.  They  are  all  contained  in  the 
interior  of  varicose  enlargements  of  slender  fibres,  which  are  also  di- 
rected perpendicularly  to  the  surface  of  the  retina,  and  extend  uninter- 
ruptedly through  the  whole  thickness  of  the  layer.  These  fibres  are 
presumed  to  be  of  the  nature  of  modified  nerve  fibres,  and  to  represent, 
either  directly  or  indirectly,  the  continuations  of  those  derived  from 
the  expansion  of  the  optic  nerve.  At  their  outer  extremities  they  are 
immediately  continuous  with  the  elements  of  the  following  layer. 

4.  Layer  of  Rods  and  Cones. — This  is  undoubtedly  the  most  remark- 
able of  the  retinal  layers,  since  it  consists  of  elements  which  are  more 
peculiarly  constituted  than  those  found  elsewhere,  and  which  are  most 

immediately  connected  with  the  physiology 


Fig.  194. 


(Schultze.) 


if  luminous  impressions.  As  the  name 
ndicates,  these  elements  are  of  two  kinds; 
listinguished,  according  to  their  shape,  by 
die  name  of  “rods”  and  “cones.”  There 
s reason  to  believe  that  their  offices  aie 
sssentially  similar,  and  that  they  are  to  be 
regarded  as  modifications  of  each  other. 

The  rods  (Fig.  194)  are  straight,  elon- 
gated, cylindrical  bodies,  composed  of  a 
transparent,  homogeneous  substance,  re- 
markable for  its  highly  refractive  power. 
They  are  about  50  mmm.  in  length  by  a lit- 
tle less  than  2 mmm.  in  diameter.  They  are 
all  placed  parallel  with  each  other,  closely 
packed  side  by  side,  standing  perpendicu- 
larly to  the  surface  of  the  retina,  and  ex- 
tending through  the  whole  thickness  of 
the  layer.  At  its  outer  extremity  each 
rod  terminates  by  a plane  perpendicular 
to  its  axis  ; at  its  inner  extremity  it  tapers 
suddenly  to  a point  and  is  continuous 
with  a fibre  of  the  preceding  layer,  ancl 
thus  with  one  of  its  nucleated  enlarge- 
ments or  grains.  According  to  Schultze, 
the  internal  half  of  each  rod  is  slightly 
thicker,  and  exhibits  rather  less  refractive 
power  than  its  external  half. 
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The  cones  differ  from  the  rods  mainly  in  their  tapering  form  and  the 
greater  diameter  of  their  internal  portion,  which,  as  a general  rule,  is 
from  two  to  three  times  as  thick  as  that  of  the  rods.  They  have  the 
same  transparent,  highly  refractive  appearance,  and  are  intercalated 
among  the  rods  in  the  same  position,  that  is,  perpendicularly  to  the 
surface  of  the  retina.  Their  outer  extremities,  in  some  regions,  stop 
short  of  the  external  surface  of  the  retina,  while  in  others,  particularly 
in  that  of  most  perfect  vision,  they  reach  the  same  level  with  the  ends 
of  the  rods.  Each  cone  is  connected  at  its  inner  extremit}”  with  a nu- 
cleated fibre  belonging  to  the  preceding  layer,  the  only  difference  in  this 
respect  being  that  both  the  fibres  and  the  nuclei  connected  with  the 
cones  are  larger  than  those  connected  with  the  rods. 

Over  the  greater  part  of  the  retina  the  rods  are  more  abundant  than 
the  cones.  When  viewed  from  the  external  surface  (Fig.  195,  A),  their 
closely  packed  extremities  present  the  appearance  of  a fine  mosaic  pat- 
tern, while  the  cones  are  interspersed  among  them  in  smaller  numbers. 
At  the  borders  of  the  macula  lutea  (p.  623),  on  the  other  hand,  the 
cones  are  more  abundant,  being  only  separated  from  each  other  by  single 
ranges  of  rods  ( B );  and  at  its  central  portion  ( G ) there  are  only  cones, 
the  rods  being  entirely  absent.  The  cones  at  this  point  are  also  longer 
and  more  slender  than  elsewhere.  The  following  figure  indicates  the 
appearance  of  the  rods  and  cones,  as  shown  in  an  external  view  of 
different  parts  of  the  retina.  The  smaller  circles  represent  the  rods, 
the  larger  circles  the  cones.  In  the  interior  of  each  cone  is  seen  the 
section  of  its  conical  extremity. 


Outer  Surface  of  the  Retina,  showing  the  ends  of  the  rods  and  cones. — J.From 
the  lateral  portion  of  the  eyeball.  B.  From  the  posterior  portion,  at  the  edge  of  the  macula 
lutea.  C.  From  the  macula  lutea.  (Helmholtz.) 

Beside  the  distinctly  marked  layers  above  described,  there  are  vari- 
ous others  of  less  certain  signification  and  less  uniformity  of  extent, 
which  are  found  in  different  parts  of  the  retina.  Throughout  the  mem- 
biane  there  also  exists  a certain  proportion  of  delicate  connective  tissue, 
Avhich  serves  for  the  support  and  attachment  of  its  remaining  anatomi- 
cal elements. 

Perception  of  Luminous  Impressions  by  the  Retina.— It  appears,, 
from  the  description  given  above,  that  the  retina  is  not  simply  an  ex- 
pansion  of  the  fibres  of  the  optic  nerve.  It  is  a membrane  of  special 
structure,  connected  with  the  extremities  of  the  optic  nerve  fibres,  but 
containing  also  many  additional  anatomical  elements.  It  is  accordingly 
a peculiar  nervous  apparatus,  adapted  to  receive  the  impression  of  lumi- 
nous rays,  and  connected,  by  means  of  the  optic  nerve,  with  the  central 


Fig.  195. 
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gray  matter  of  the  brain.  An  examination  of  the  manner  in  which  the 
impressions  of  light  are  perceived  brings  into  view  the  following  facts. 

The  optic  nerve  and  its  fibres  are  insensible  to  light.  ° W1  *' 
standing  that  this  nerve  is  capable  of  transmitting  luminous  impressions 
from  the  retina  to  the  brain,  yet  in  order  to  do  this,  it  must  first  receive 
its  own  stimulus  from  the  retina.  The  optic  nerve  fibres  themselves 
thouo-h  sensitive  to  mechanical  or  galvanic  irritation,  cannot  be  called 
into  activity  by  the  direct  influence  of  luminous  rays.  1 Ins  is  shown 
by  the  experiment  of  Donders,  in  which,  by  aid  of  the  ophthalmoscope, 
a light  of  a certain  degree  of  intensity  is  concentrated  upon  the  optic 
nerve,  without  being  allowed  to  reach  the  tissue  o the  retina.  When 
the  bottom  of  the  eye  is  illuminated  by  the  ophthalmoscope,^ be  ob- 
server sees  the  general  surface  of  the  retina  of  a red  or  brown  sli 
while  the  papilla , which  corresponds  to  the  entrance  of  the  optic  ne  , 
presents  itself  as  a white  circular  spot.  This  spot  is  occupied  entire  y 
by  optic  nerve  fibres,  while  the  elements  of  the  retina  commence  only 
beyond  its  borders.  If  the  minute  image  of  a candle  flame  at  some  c is- 
tance  be  thrown  by  reflection  upon  the  retina,  its  light  is  perceived  \V 
the  person  under  observation,  as  well  as  its  image  by  the  observer  1 
the  eye  however  be  turned  in  such  a direction  as  to  bring  the  image  o 
the  flame  upon  the  white  circle  of  the  optic  nerve,  this  cue  e,  a 
nerve  fibres  of  which  it  is  composed,  are  visibly  illuminate «d  to  a certain 
depth,  owing  to  the  translucency  of  their  substance,  but  „ 

the  candle  flame  is  no  longer  perceived  by  the  person  miter 
tion.  The  moment,  on  the  other  hand,  the  image  of  the  flame  is  allowed 
to  pass  beyond  the  limits  of  the  white  spot,  and  to  touch  the  retina, 

llgT/i heTliTdSSpoL^The  region,  accordingly,  occupied  by  the  entrance  of 
the  optic  nerve,  and  in  which  the  elements  of  the  retro. . proper  me 
sent  is  a blind  spot,  where  luminous  rays  make  no  perceptible  imp 
sion’  The  real  diameter  of  this  spot,  according  to  the  average  measiu  - 
ments  obtained  by  Listing,  Hannover,  and  Helmh^B  ^5  »ill^ 
and  it  covers  in  the  field  of  vision  a space  equivalent  to  abmi , 6 ^degre 
Notwithstanding  the  existence  of  this  msensibie -part .at  the  hot 
of  the  eve  no  dark  point  is  usually  observed  in  the  field  of  \isio  , 
the  following  reasons.  The  blind  spot  is  not  situated  m the  visual  axis 
of  the  eye,  but  is  placed,  corresponding  with  the  entrance  o i 1 
nerve  nearer  the  median  line  (Fig.  189).  Consequently  the  image  of 
an  object  which  is  directly  examined  in  the  normal  line  o n ion  _ 
“"on  this  spot,  hit  is  always  outside  -f  *,  - £ 
visual  axis.  Even  an  object  which  is  perceived  in  the  fiel 
side  the  direct  line  of  sight,  can  never  reach  the  blind  spot 
at  the  same  time.  If  it  happen  to  be  so  placed  that  its  image  . s P , 

the  blind  spot  of  one  eye,  it  will  necessarily  reach  the  retina  of  the  other 

eye  at  a different  point,  and  is  accordingly  perceive A.  , 

hand,  one  eye  alone  he  enaployed  there 

geld  of  vision  which  is  imperceptible.  I his  denciency 
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noticeable,  because  it  is  located  in  a part  of  the  field  to  which  our  at- 
tention is  not  directed,  and  where  the  distinction  of  various  objects, 
under  moderate  illumination,  is  so  imperfect,  that  the  momentary  ab- 
sence of  one  of  them  is  not  regarded.  It  may,  however,  be  readily  made 
apparent  by  using  for  the  test  a single  strongly  defined  object,  like  a 
white  spot  on  a black  ground,  the  presence  or  absence  of  which  may  be 
noticed  without  difficulty,  even  in  indirect  vision. 

If  the  left  eye  be  covered  and  the  right  e3fe  directed  steadily  at  the 
white  cross  in  figure  196,  the  circular  spot  will  also  be  visible,  though 


less  distinctly,  since  it  will  be  out  of  the  direct  line  of  sight.  Let  the 
page  be  held  vertically  at  the  height  of  the  eyes,  and  at  a convenient 
distance  for  seeing  both  objects  in  the  above  manner.  If  it  be  now 
moved  slowly  backward  and  forward,  a point  will  be  found  where  the 
circular  spot  disappears  from  sight,  because  its  image  has  fallen  upon 
the  blind  spot;  while  both  within  and  beyond  this  distance  it  again  be- 
comes visible.  It  may  also  be  made  to  reappear,  even  at  the  same  dis- 
tance, by  inclining  the  page  laterally  to  the  right  or  left ; since  this 
brings  the  white  circle  either  above  or  below  the  level  of  the  blind  spot. 

The  experiment  may  be  varied  by  fixing  two  cards,  at  the  height  of 
the  eyes,  upon  a dark  wall,  two  feet  apart  from  each  other.  If  the  left 
eye  be  covered,  and  the  right  eye  fixed  upon  the  left-hand  card,  the 
other  one  will  disappear  from  view  at  a distance  of  about  eight  feet 
from  the  wall. 

It  is  evident,  furthermore,  that  the  optic  nerve  fibres  are  not  directly 
sensitive  to  light,  even  outside  the  blind  spot,  and  where  they  form 
part  of  the  retina.  These  fibres  radiate  from  the  point  of  entrance  of 
the  optic  nerve,  forming  a continuous  sheet  on  the  inner  surface  of  the 
retina ; some  of  them  terminating  at  successive  points  in  the  retinal 
membrane,  others  extending  to  its  extreme  border  at  the  ora  serrata. 
A luminous  ray  striking  the  retina  near  the  fundus  of  the  eye  must, 
therefore,  traverse  a considerable  number  of  nerve  fibres,  which  are  con- 
nected at  their  peripheral  extremities  with  different  parts  of  the  retina ; 
and  such  a ray,  coming  from  a single  point,  would  necessarily  cause  the 
sensation  of  multiplied  luminous  points  or  even  of  a more  or  less  con- 
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tinuous  bright  line.  As  distinct  points  are  actually  perceived  as  such 
by  the  retina,  although  the  luminous  ray  emanating  irom  each  one  lias 
passed  through  the  whole  layer  of  nerve  fibres  on  its  internal  surface,  it 
follows  that  the  sensibility  of  these  fibres  is  not  affected  by  the  direct 
action  of  light. 

The  sensitive  elements  of  the  retina  are  in  its  posterior  or  external 
layers.  This  fact  is  deduced  partly  from  the  phenomena  manifested 
wlien  the  retinal  bloodvessels  are  made  visible  in  the  interior  of  the  eye. 
These  bloodvessels  and  their  branches  radiate  from  the  central  trim 
which  enters  with  the  optic  nerve.  Their  ramifications,  down  to  a cer- 
tain size,  are  all  situated  in  the  nerve  fibre  layer  of  the  retina,  and  it  is 
only  the  finest  subdivisions  which  pass  into  the  next  layer  of  gang  home 
nerve  cells.  The  two  outer  layers,  namely,  the  layer  of  nuclei,  and  1 1a 
of  the  rods  and  cones,  are  completely  destitute  of  bloodvessels.  Owing 
to  this  anatomical  arrangement,  the  posterior  or  externa  layers  of  the 
'retina,  situated  behind  the  main  branches  of  the  retinal  bloodvessels, 
must  lie  in  the  shadow  of  these  branches,  the  light  coming  directly  rom 
the  front  through  the  pupil.  The  shadows  thus  thrown  are  not  habitu- 
ally perceived  by  any  diminution  of  the  light,  because  the  portions  of 
the  retina  covered  by  them  are  always  in  shadow  at  th®s™P“u8’ 
and  its  sensibility  to  light  is  greater,  in  proportion  as  the  quantity  of 
liaht  reaching  it  is  less.  But  the  shadows  may  be  rendered  perceptible 
by  a lateral  or  oblique  illumination,  thus  causing  them  to  be  thiown 
upon  points  of  the  retina  unaccustomed  to  their  presence. 

Tet  a lighted  candle  be  held,  in  a dark  room,  about  three  inches 
distant  from  the  external  angle  of  either  eye,  and  about  45  degrees  in 
advance  of  the  plane  of  the  iris.  On  moving  the  candle  alternately 
upward  and  downward,  the  field  of  vision  becomes  filled  with  an  abun- 
dant and  elegant  tracery  of  aborescent  bloodvessels,  the  exact  counter- 
part of  those  of  the  retina.  The  form  of  the  vessels  is  distinctly  marked 
in  purple-black,  upon  a finely  granular  grayish-red  ground.  The  point 
of  entrance  of  the  vascular  trunks  may  even  be  seen,  with  their  dmsion 
into  two  principal  branches  passing  respectively  upward  and  downwai  , 
and  then  breaking  up  into  ramifications  of  various  curv^near  form  f 
the  candle  be  held  immovable,  the  appearances  rapidly  fade,  since  t 
shadows  in  reality  are  quite  faint,  and  are  only  made  visible  from  the 
sudden  contrast  produced  by  throwing  them  successively  upon  d.fieien 

PEAs  tL^Lodvessels  which  throw  these  shadows  are  at  or  near  the 
S “ « ^ layers  of  the  retina  to  he  separated  free  its 


. Cited  in  Helmholtz,  Optique  Physiologique. 


Paris,  1867,  p.  289. 
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anterior  surface  by  from  0.20  to  0.30  millimetre’s  distance.  It  is,  there- 
fore, one  or  both  of  the  posterior  layers,  namely,  that  of  the  rods  and 
cones,  and  that  of  the  nuclei  immediately  within  it,  which  contain  the 
sensitive  elements  of  the  retina,  and  in  which  the  luminous  rays  produce 
their  effect.  This  conclusion  is  rendered  still  more  certain  by  the  fact 
that  in  the  fovea  centralis,  the  point  of  most  distinct  vision,  hereafter, 
to  be  described,  the  two  external  layers  of  the  retina  are  the  only  ones 
present. 

Macula  Lutea  and  Point  of  Distinct  Vision. — The  macula  lutea,  or 
yellow  spot  of  the  retina,  is  an  oval  spot,  measuring  about  2 millimetres 
in  its  horizontal  diameter,  situated  between  2 and  2.5  millimetres  out- 
side the  entrance  of  the  optic  nerve.  According  to  Helmholtz,  it  is 
placed  a very  little  beyond  the  middle  of  the  fundus  of  the  eyeball, 
toward  the  temporal  side.  It  is  distinguished  from  the  remainder  of 
the  retina  by  its  yellow  tinge,  which  depends  upon  the  presence  of  a 
peculiar  organic  pigment.  This  pigment  is  not  deposited  in  grains,  but 
is  completely  hyaline,  and  imbibes  the  whole  tissue  of  the  retina  at  this 


spot,  with  the  exception,  according  to  Schultze,  of  the  two  external 
layers,  which  remain  colorless. 

At  its  centre  is  a minute  depression,  the  fovea  centralis , where, 
owing  to  its  steeply  sloping  sides,  the  retina  is  reduced,  at  the  bottom 
of  the  lovea,  to  less  than  one-half  its  usual  thickness.  The  macula 
lutea  becomes  perceptible,  in  ophthalmoscopic  examination  of  the  eye 
with  a moderate  illumination,  as  a yellowish  spot,  less  brilliant  than  the 
rest,  in  which  the  position  of  the  fovea  centralis  is  marked  by  a peculiar 
colorless  reflection.  The  macula  lutea,  and  especially  the  fovea  cen- 
tralis, is  the  point  of  most  distinct  vision , where  the  image  of  an  object, 
fixed  by  the  eye  in  the  direct  line  of  sight,  falls  upon  the  retina.  It  is 
well  known  that  external  objects  are  seen  with  perfect  distinctness  only 
when  their  images  fall  in  the  immediate  neighborhood  of  the  optical 
axis  at  the  fundus  of  the  eyeball.  Outside  this  region,  the  perception 
of  their  figure  is  more  or  less  imperfect.  According  to  the  observations 
of  Bonders,  confirmed  by  Helmholtz,  if,  while  the  retina  is  illuminated 
by  the  ophthalmoscope,  the  person  under  observation  fixes  the  eye  in 
succession  upon  several  different  objects,  or  upon  different  points  of  the 
same  object,  the  minute  reflection  which  marks  the  fovea  centralis 


always  places  itself  upon  the  part  of  the  optical  image  fixed  by  the  eye ; 
and  this  appearance  is  so  constant  that  the  observer  can  tell  with  cer- 
tainty, from  the  place  occupied  by  the  reflection,  what  point  of  the 
object  has  been  fixed  in  the  direct  line  of  sight. 

1 he  evident  importance  of  the  macula  lutea  and  the  fovea  centralis, 
in  the  exercise  of  vision,  gives  a special  interest  to  the  anatomical 
structure  of  this  part  of  the  retina ; and  the  researches  of  microscopic 
anatomists  have  shown  that  its  structure  presents  peculiarities  fully 
corresponding  with  its  physiological  endowments. 

The  macula  lutea  is  distinguished,  in  the  first  place,  by  the  fact  that 
the  superficial  layer  of  optic  nerve  fibres  is  absent.  Those  fibres,  ac- 
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cording  to  Kollikcr,  which,  in  radiating  from  the  entrance  of  the  optic 
nerve,  pass  directly  to  the  edges  of  the  macula,  lose  themselves  among 
the  nerve  cells  of  its  ganglionic  layer.  The  others  curve  round  the 
borders  of  the  macula  on  each  side,  to  resume  their  peripheral  direction 
beyond  its  limit ; so  that  the  yellow  spot  itself  is  not  covered,  like  the 
rest  of  the  retina,  by  a continuous  superficial  layer  of  nerve  fibres. 

Secondly,  the  nerve  cells  of  the  ganglionic  layer  are  more  abundant 
in  the  macula  lutea  than  elsewhere.  Over  the  greater  portion  of  the 
retina,  according  to  Schultze,  these  cells  exist,  in  the  ganglionic  layer, 
only  in  a single  plane ; that  is,  they  are  arranged  side  by  side,  and 
neither  above  nor  below  each  other.  But  in  the  yellow  spot  they  form 
several  ranges  of  superimposed  cells.  On  the  other  hand,  toward  the 
centre  of  the  yellow  spot  the  cells  diminish  in  number,  and  are  entirely 
absent  at  the  fovea  centralis.  Various  other  layers,  which  exist  more 
or  less  distinctly  in  surrounding  regions  of  the  retina,  also  diminish  in 
thickness,  and  disappear  toward  the  centre  of  the  macula  lutea. 


Fig.  197. 


Diagrammatic  Section  or  Hum  a * Retin  a,  through  the  macula  lutea  and  fovea 
centralis. — 1.  Internal  surface  of  the  retina,  in  contact  with  the  vitreous  body.  2. ^Gan- 
glionic layer  of  nerve  cells.  3.  Intermediate  layers  of  the  retina,  disappearing  at  *he  centre 
of  the  macula  lutea.  4.  Layer  of  nuclei,  showing  the  oblique  course  of  the  fibres  in  this 
region  5 Layer  of  rods  and  cones;  consisting  at  its  central  portion  exclusively  of  atten"- 
Itfd  and  elon/rted  cones.  6.  External  surface  of  the  retina,  in  contact  with  the  chore, d. 
In  the  middle  of  the  diagram  is  the  depression  of  the  fovea  centralis.  (Schultze.) 


Thirdly,  owing  to  the  modifications  described  above,  the  retina,  at 
the  situation  of  the  fovea  centralis,  consists  only  of  its  two  external 
layers,  namely  the  layer  of  nuclei  and  the  layer  of  rods  and  cones. 
Even  these  two  layers  exhibit,  at  this  point,  certain  important  peculiari- 
ties in  the  form  and  arrangement  of  their  elements. 

In  the  layer  of  nuclei,  the  nuclei  themselves  are  present  m nearly 
their  usual  numbers  and  position;  but  the  fibres  with  which  they  are 
connected,  instead  of  passing  through  the  layer  in  a direction  perpen- 
dicular to  the  surface  of  the  retina,  bend  obliquely  outward,  to  reach 
the  more  superficial  layers  of  the  retina  in  the  external  portions,  or 
even  beyond  the  borders,  of  the  yellow  spot.  Thus  this  layer  is  very 
much  diminished  in  thickness,  although  it  still  contains  its  cell  nuc  01, 
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and  although  these  are  still  connected,  by  their  librous  extensions,  with 
the  other  parts  of  the  retinal  tissue. 

Finally  the  layer  of  rods  and  cones,  at  the  situation  of  the  macula  lutea 
and  fovea,  though  preserving  its  general  character,  shows  special  features 
by  which  it  is  readily  distinguished  from  the  corresponding  parts  else- 
where. In  this  layer,  over  the  greater  portion  of  the  retina,  the  rods 
are  the  most  abundant  element,  the  cones  being  distributed  among  them 
in  smaller  numbers.  In  the  borders  of  the  macula  lutea  (Fig.  195,  H), 
the  cones  become  more  numerous  in  proportion  to  the. rods,  and  in  the 
fovea  centralis  (Fig.  195,  C ) the  layer  is  composed  exclusively  of  cones. 
At  this  part,  the  cones  are  longer  than  elsewhere,  and  more  slender,  so 
that  a larger  number  are  comprised  within  an  equal  space;  and  the 
layer  itself,  consisting  of  elongated  cones  standing  perpendicularly,  is 
increased  in  thickness,  in  proportion  to  the  greater  length  of  its  con- 
stituent elements.  The  thickness  of  the  cones  at  their  base,  over  the 
retina  generally,  according  to  the  measurements  of  Schultze,  is  a little 
over  6 mmm.,  and  their  length  less  than  50  mmm. ; but  at  the  fovea  cen- 
tralis their  thickness  is  reduced  to  3 or  3.5  mmm.,  while  their  length, 
in  the  same  situation,  may  reach  100  mmm.'  Each  cone  is  connected, 
here  as  elsewhere,  through  the  nucleus  aud  nucleus  fibre  of  the  pre- 
ceding layer,  with  the  other  portions  of  the  retina,  and  beyond  doubt, 
in  some  direct  or  indirect  way,  with  the  optic  nerve  fibres  of  its  internal 
layer. 

Thus  the  perception  of  light,  in  the  act  of  vision,  is  a process  con- 
sisting of  several  successive  acts.  The  luminous  ray  passes  through 
the  transparent  internal  or  superficial  layers  of  the  retina,  until  it 
reaches  the  situation  of  the  two  outer  la3Ters.  Here  it  produces  a 
change  in  the  condition  of  the  nervous  elements,  of  whose  nature  we 
are  entirely  ignorant.  It  might  be  compared  with  that  which  is  caused 
by  the  same  agent  in  the  sensitive  film  of  a photographic  camera;  but 
this  comparison  would  be  only  one  of  analogy,  and  would  not  imply 
any  identity  of  the  physical  or  chemical  change  produced  in  the  two 
cases.  It  would  simply  express  the  fact,  which  is  undoubtedly  estab- 
lished, that  the  luminous  ray,  after  traversing  all  the  other  transparent 
and  refracting  media  of  the  eye  without  leaving  any  trace  of  its  passage, 
on  arriving  at  the  two  outer  layers  of  the  retina,  excites  in  one  or  both 
of  them  a kind  of  action  which  is  the  first  step  in  the  visual  process. 
This  condition  of  the  retinal  elements  then  calls  into  activity  the  fibres 
of  the  optic  nerve,  which  in  turn  transmit  the  stimulus  to  their  point  of 
origin  in  the  brain.  Thus  far,  there  is  no  conscious  perception,  nor 
even  any  nervous  effect  resembling  in  itself  our  idea  of  luminosity. 
The  retina  itself  is  distinguished  from  other  nervous  tissues  by  being 
sensitive  to  light;  that  is,  it  may  be  thrown  into  a state  of  activity 
under  the  influence  of  a luminous  ray.  But  it  has  no  other  perception 
of  light  than  this,  any  more  than  the  silvered  film  of  a photographic 
plate;  and,  if  the  optic  nerve  be  severed,  blindness  results,  however  per- 
fect may  be  the  condition  of  the  retina. 
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On  the  other  hand,  the  optic  nerve  fibres,  which  are  insensible  to  light 
itself,  are  thrown  into  excitement  bj'  the  changed  condition  ol  the  retinal 
tissue.  There  is  no  reason  for  believing  that  the  action  of  the  fibres 
of  the  optic  nerve  is  different  in  kind  from  that  of  other  sensitive  nerve 
fibres.  Their  office  is  simply  that  of  receiving  and  communicating  a 
stimulus  from  and  to  certain  special  structures  containing  nerve  cells, 
in  the  case  of  the  optic  nerve,  the  stimulus  is  received  from  the  retina 
and  communicated  to  the  nervous  centres  of  the  brain.  These  nervous 
centres,  when  excited  by  the  stimulus  thus  received,  first  produce  the 
phenomenon  of  the  perception  of  light.  The  preceding  nervous  actions, 
in  the  retina  and  optic  nerve,  though  necessary  to  the  final  result,  have  . 
no  direct  connection  with  consciousness.  The  conscious  perception  of 
light  and  of  luminous  objects  is  the  last  step  in  the  process  of  vision, 
and  is  effected  by  a special  act  of  the  gray  matter  of  the  brain. 

Acuteness  of  Vision  in  the  Retina.— The  acuteness  of  vision,  so  far 
as  it  is  connected  with  the  sensibility  of  the  retina,  depends  upon  the 
minimum  distance  from  each  other  of  two  visual  rays,  at  which  they 
can  still  be  perceived  as  distinct  points.  If  the  luminous  rays,  coming 
respectively  from  the  top’ and  bottom  of  an  object,  are  so  closely  ap- 
proximated, where  they  strike  the  retina,  that  the  two  impressions  are 
confounded,  there  can  be  no  distinct  perception  of  its  figure  or  dimen- 
sions. On  the  other  hand,  if  the  sensibility  of  the  retina  be  such  that 
the  two  impressions  are  still  perceived  as  separate  from  each  other,  the 
form  of  the  object  will  be  recognized  as  well  as  its  luminosity,  notwith- 
standing the  small  size  of  its  retinal  image.  The  figure  of  a man,  six 
feet  high,  seen  at  the  distance  of  ten  yards,  makes  at  the  cornea  a visual 
angle  of  11°  30',  and  forms  upon  the  retina  an  image  which  is  less  than 
half  a millimetre  (7f  of  an  inch)  in  length  ; and  yet  an  abundance  of 
details  are  distinctly  perceptible  within  this  space..  The  extreme  limit 
of  approximation  at  which  two  points  may  be  distinguished  from  each 
other  has  been  examined  by  the  observation  of  fixed  stars,  and  by  that 
of  parallel  threads  of  the  spider’s  web,  or  of  fine  metallic  wires,  placed 
at  known  distances  from  each  other.1  The  general  result  of  these 
examinations  has  shown  that,  for  the  average  of  well-formed  eyes,  the 
smallest  visual  angle,  at  which  two  adjacent  points  or  lines  can  be  dis- 
, tino-uished,  is  from  60  to  13  seconds;  corresponding  to  a distance  upon 
the"  retina  of  from  4 to  5 mmm.  According  to  the  measurements  of 
Schultze,  the  diameter  of  the  retinal  cones,  at  the  fovea  centralis,  is 
from  3 to  3.5  mmm.  ; and  if  two  points  of  light  were  separated  at  the 
retina  by  a less  distahee  than  this,  they  would  often  fall  upon  the  same 
cone  and  consequently  excite  the  same  nucleus  and  fibre  in  the  adjacent 
layer  If  the  diameter  of  the  cones  be  the  element  which  determines 
the  limit  of  acuteness  of  vision,  two  luminous  points,  to  be  distinctly 
perceptible,  must  be  separated  upon  the  retina  by  a distance  ofatffiast 
3 mmm.,  and  must  have  a visual  angle  with  each  other  of  at  least  4. 

> Helmholtz,  Optiquc  Physiologique.  Paris,  1867,  p.  292. 
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seconds.  In  the  observations  made  upon  fixed  stars,  it  is  found  that 
two  stars  can  never  be  separately  distinguished  1)3'  the  e}'e  unless  their 
angular  distance  from  each  other  is  equal  to  30  seconds  ; and  very 
seldom,  unless  it  be  as  great  as  60  seconds.  These  measurements 
correspond  with  each  other  only  in  an  approximative  manner ; perhaps 
because  there  has  never  been  an  opportunity  of  examining  the  retinal 
elements  in  an  eye,  of  which  the  acuteness  of  vision  has  been  tested 
beforehand.  But  they  are  sufficient  to  indicate  a probable  connection 
between  the  minute  structure  of  the  retina  and  the  possible  limit  of  its 
sensibility  to  separate  impressions. 

Physiological  Conditions  of  the  Sense  of  Sight. — The  apparatus  of 
vision,  as  above  described,  consists  of  various  parts,  each  of  which  has 
its  appropriate  share  in  producing  the  final  result  of  visual  perceptions. 
The  eye,  so  far  as  regards  its  physical  structure,  is  an  optical  instrument, 
composed  of  transparent  and  refracting  media,  a perforated  diaphragm, 
and  a dark  chamber  lined  with  a blackened  membrane,  all  of  which  act 
upon  the  luminous  rays  according  to  the  same  laws  as  the  corresponding 
parts  in  a telescope  or  a camera  ; and  the  accuracy  of  their  adjustment 
is  one  of  the  first  requisites  for  the  exercise  of  sight.  The  organ, 
furthermore,  is  movable  as  a whole;  and  certain  of  its  internal  parts 
are  also  under  the  control  of  muscular  tissues,  whose  alternate  con- 
traction and  dilatation  contribute  to  determine  its  mode  of  action.  It 
is,  in  addition,  a double  organ  ; and  impressions  may  be  derived  from 
the  simultaneous  employment  of  both  eyes,  which  cannot  be  acquired 
by  the  use  of  one  alone.  Finally,  the  special  sensibility  of  its  nervous 
elements  is  liable  to  modifications  of  various  kinds,  whicli  have  an  in- 
fluence upon  the  nature  and  intensity  of  the  sensations  produced.  The 
principal  conditions  regulating  the  physiological  exercise  of  the  sense 
of  sight  are  the  following : 

Field  of  Vision. — As  the  eyeball  is  placed  in  the  orbit  with  the 
cornea  and  the  pupil  directed  forward,  there  is,  in  front  of  each  eye,  a 
circular  space  within  which  luminous  objects  are  perceptible;  while 
beyond  its  borders,  laterally  and  posteriorly,  nothing  can  be  seen. 
This  space  is  the  “field  of  vision.”  Its  extreme  limit,  in  man,  reaches 
nearly  to  180  degrees  of  angular  distance  ; that  is  to  sa}',  with  the  eye 
directed  straight  forward,  the  light  from  a brilliant  object  may  be  per- 
ceived, when  the  object  itself  is  placed  laterally  almost  as  far  back  as 
the  plane  of  the  iris.  The  possibility^,  for  light  which  has  come  from 
this  direction,  of  penetrating  the  pupil  and  finally  reaching  a sensitive 
part  of  the  retina,  depends  upon  the  refractive  power  of  the  cornea 
and  the  curvature  of  its  anterior  surface,  by  which  the  luminous  ray 
is  bent  inward  and  thus  enabled  to  enter  obliquely  the  orifice  of  the 
pupil.  In  many  of  the  lower  animals,  where  the  eyes  are  more  promi- 
nent than  in  man,  and  the  curvatures  of  the  cornea  and  crystalline  lens 
more  pronounced,  the  field  of  vision  is  enlarged  in  a corresponding 
degree.  In  birds  and  fishes,  it  is  still  further  modified  by  the  lateral 
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position  of  the  two  eyes.  The  ostrich,  with  the  head  directed  forward, 
can  easily  see  objects  placed  a few  yards  behind  its  back ; and  in  many 
fish,  when  examined  from  different  points  in  an  aquarium,  it  is  impossi- 
ble lor  the  observer  to  place  himself  in  any  position,  above,  behind,  or 
on  either  side,  where  he  cannot  see  one  or  both  of  the  pupils  ot  the 
animal.  The  field  of  vision  consequently,  for  the  animal,  is  a complete 
sphere  • the  li<dit  being  perceptible  from  every  point  of  the  surrounding 
space.  ’ In  man,  the  external  borders  of  the  field  of  vision  are  very  ill 
defined ; and  objects  placed  at  a lateral  distance  of  90  degrees  must  be 
very  brilliant  to  attract  attention.  For  practical  purposes,  the  space 
within  which  objects  are  perceptible  is  one  of  not  more  than  15  degiees 
on  each  side,  or  150  degrees  for  the  entire  field  of  vision. 

Line  of  Direct  Vision. — Within  the  field  of  vision,  however,  there  is 
only  one  point,  at  its  centre,  where  the  form  of  objects  can  be  perceived 
with  distinctness  ; and  the  prolongation  of  this  point,  in  the  visual  axis 
of  the  eye,  from  the  pupil  forward,  is  called  the  “line  of  direct  vision.” 
Objects  met  with  upon  this  line  can  be  distinctly  seen ; all  others,  situ- 
ated upon  either  side,  above  or  below  it,  are  perceived  only  in  an  impel  - 
fect  manner.  If  the  observer  place  himself  in  front  of  a row  of  vertical 
stakes  or  palisades,  he  can  see  those  placed  directly  in  front  of  the  eye 
with  perfect  distinctness ; but  those  on  each  side  appear  as  uncertain 
and  confused  images.  On  looking  at  the  middle  of  a printed  page,  in 
the  line  of  direct  vision,  we  see  the  distinct  outlines  of  the  letters ; 
while  at  successive  distances  from  this  point,  the  eye  remaining  fixed, 
we  distinguish  first  only  .the  separate  letters  with  confused  outlines, 
then  only°the  words,  and  lastly  only  the  lines  and  spaces.  _ . 

This  limitation  of  serviceable  sight  to  the  line  of  direct  vlsl°n  lb 
practically  compensated  by  the  great  mobility  of  the  eyeball  which 
turns  successively  in  different  directions ; thus  shifting  the  field  of  vision 
and  examining  in  turn  every  part  of  the  space  attainable  by  the > eye. 
In  reading  a printed  page,  the  eye  follows  the  lines  from  left  to  right, 
seeing  each  letter  and  word  distinctly  in  succession.  At  the  end  of 
each  line,  it  returns  suddenly  to  the  commencement  of  the  next,  repeat- 
in,  the  same  movement  from  the  top  to  the  bottom  of  the  page 

The  deficiency  of  distinctness  outside  the  line  of  direct  vision  depends 
upon  two  causes,  which  are  both  present,  although  eithei  separately 
would  tend  to  produce  a similar  result ; namely,  1st,  inaccurate  focus- 
ing of  the  luminous  rays;  and  2d,  diminished  acuteness  of  the  retinal 

^Raf  of  light  entering  the  eye  from  the  front,  in  the  line  of  direct 
• • ^ hr ourfh t to  an  accurate  focus  at  the  situation  of  the 

retina’  ' But  those  which  enter  at  a certain  degree  of  obliquity  whether 
from  above  from  below,  or  from  one  side,  suffer  a more  rap.d  conve r- 
genee  and  are  neeordingly  brought  to  a focus  and  again  'Jtspcrsed  be  or 
reaching  the  retina.  Thus  rays  diverging  from  the  pent  . 1 g-  1W, 
, "lie  line  of  direct  vision,  are  again  concentrated  at  *,  and  form  » dm 
toe  image  upon  the  retina  at  that  point.  But  those  connng  f.om  6, 
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situated  considerably  on  one  side,  under  a similar  degree  of  divergence, 
fall  upon  the  cornea  and  the  crystalline  lens  in  such  a way  that  there  is 
more  difference  in  their  angles  of  incidence,  and  consequently  more  dif- 
ference in  the  amount  of  their  refraction.  They  are  therefore  brought 
together  too  rapidly,  and  are  dispersed  upon  the  retina  over  the  space 
i/,  z , forming  an  imperfect  image.  Ophthalmoscopic  examination  of  the 
retina  shows  that,  in  point  of  fact,  the  images  formed  at  the  fundus  of 


Diagrammatic  Section  of  the  Eyeball,  showing  difference  of  refraction  for 
direct  and  indirect  vision. — o,  x.  Kays  from  a point  in  the  line  of  direct  vision,  focussed  at 
the  retina.  6,  y,  z.  Rays  from  a point  outside  the  line  of  direct  vision,  brought  to  a focus 
and  dispersed  before  reaching  the  retina. 

the  eye,  from  luminous  objects  in  the  line  of  direct  vision,  present  per- 
fectly distinct  outlines  ; while  those  at  a cei’tain  distance  from  this  point, 
toward  the  lateral  parts  of  the  retina,  are  comparatively  ill-defined. 

Secondly,  there  is  reason  to  believe  that  the  sensibility  of  the  retina 
is  also  less  acute  in  its  lateral  regions  than  at  the  fundus,  and  particu- 
larly at  the  macula  lutea  and  fovea  centralis;  since,  according  to  Helm- 
holtz, the  sharpness  of  sight  for  objects  at  a little  distance  from  the 
line  of  direct  vision  diminishes  in  greater  proportion  than  the  dis- 
tinctness of  their  images  formed  upon  the  retina.  The  fovea  centralis, 
according^,  is  the  spot  where  the  retina  possesses  the  most  acute  sensi- 
bility, and  it  is  also  situated  at  the  extremity  of  the  visual  axis,  where 
the  refraction  and  covergence  of  the  luminous  rays  are  effected  with  the 
greatest  accuracy.  Objects  situated  upon  the  line  of  this  axis  are  seen 
by  direct  A'ision,  and  are  distinctly  perceived ; those  situated  in  the 
field  of  view,  outside  this  line,  are  seen  by  indirect  vision,  and  their 
outlines  appear  more  or  less  confused  and  uncertain. 

Point  of  distinct  vision . and  Accommodation  of  the  eye  for  different 
distances.  An  optical  instrument,  composed  of  refracting  lenses,  can- 
not be  made  to  serve  at  the  same  time  for  near  and  remote  objects.  In 
a refracting  telescope  or  spy-glass,  if  the  instrument  be  directed  toward 
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any  part  of  the  landscape,  objects  at  a certain  distance  only  are  dis- 
tinctly seen;  all  others,  situated  within  or  beyond  this  distance,  are 
obscure  or  imperceptible.  This  is  necessarily  the  case,  since  a lens  or 
system  of  lenses  can  bring  to  a focus  at  one  spot  only  those  rays  which 
strike  its  anterior  surface  within  a certain  degree  of  divergence,  'ihe 
formation  of  a visible  image  at  the  desired  spot  depends  entirely  upon 
the  refracting  power  of  the  lenses  being  such,  that  all  the  rays  diveig- 
ing  from  a particular  point  of  the  object  shall  be  again  brought  to  an 
exact  focus  at  the  plane  where  the  image  is  to  be  perceived.  If  the  object 
be  placed  at  an  indefinite  distance  near  the  horizon,  or  if  it  be  one  ol 
the  heavenly  bodies,  the  rays  emanating  from  any  one  point  ol  such  an 
object  reach  the  telescope  under  so  slight  a degree  of  divergence  that 
they  are  nearly  parallel;  and,  on  suffering  refraction,  they  Mill  be 
brought  to  a focus  at  a short  distance  behind  the  lens.  But  if  the 
object  be  less  remote,  the  rays  emanating  from  it  strike  the  lens  under 
a higher  degree  of  divergence.  The  same  amount  of  refractive  powei, 
therefore,  produces  a less  rapid  convergence  than  in  the  former  case, 
the  rays  are  consequently  brought  to  a focus  only  at  a greater  distance 
behind  the  lens.  Tp  provide  for  this  difficulty,  the  spy-glass  is  pro- 
vided with  a sliding  tube,  by  which  the  distance  of  the  eye-piece  fiom 
the  object-glass  may  be  shifted  at  will.  For  the  examination  of  remote 
objects,  the  eye-piece  is  pushed  forward,  so  as  to  bring  into  view  the 
image  formed  at  a short  distance  behind  the  lens ; for  the  examination 
of  near  objects  it  is  drawn  backward,  to  receive  the  image  placed 
farther  to  the  rear.  This  is  the  accommodation  of  the  spy-glass  for 
vision  at  different  distances. 

A similar  necessity  exists  in  the  optical  apparatus  of  the  eye.  If 
one  eye  be  covered,  and  two  long  needles  placed  vertically  in  front  of 
the  other,  in  nearly  the  same  linear  range,  but  at  different  distances— 
one,  for  example,  at  eight,  and  the  other  at  twenty  inches  from  the 
eye— it  will  be  found  that  they  cannot  both  be  seen  distinctly  at  the 
same  time.  When  we  look  at  the  one  nearer  the  eye,  so  as  to  perceive 
its  form  distinctly,  the  image  of  the  more  remote  one  becomes  con- 
fused; and  when  we  see  the  more  distant  object  in  perfection,  that 

which  is  nearer  loses  its  sharpness  of  outline. 

The  same  thing  may  be  made  evident  by  stretching  in  front  of  t e 
eye,  at  the  distance  of  seven  or  eight  inches,  a plain  gauze  veil,  or  other 
woven  fabric  formed  of  fine  threads,  with  tolerably  open  meshes,  so 
that  objects  beyond  may  be  readily  visible  through  its  tissue.  The  ob- 
server,  in  using  a single  eye,  may  fix  at  will  either  the  tbieads  o t ie 
veil  or  the  more  distant  objects  placed  beyond  it;  but  they  alternate 
with  each  other  in  distinctness,  like  the  two  needles  in  the  experiment 
described  above.  At  the  time  when  the  threads  are  sharply  defined, 
other  objects  are  indistinct ; and  when  the  eye  is  fixed  upon  the  more 
distant  objects,  so  that  they  are  perfectly  delineated  m the  field  of 
vision,  the  threads  of  the  veil  become  almost  imperceptible,  and  hardly 
interfere  by  their  presence  with  the  images  seen  beyond. 
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It  is  evident,  therefore,  that  the  eye  cannot  perceive  distinctly,  at  the 
same  time,  objects  which  are  placed  at  different  distances,  but  it  must 
fix  alternately  the  nearer  and  the  more  remote,  and  examine  each  in 
turn.  It  is  also  evident  that,  in  thus  bringing  alternately  the  one  or 
the  other  into  distinct  view,  there  is  a change  of  some  kind  in  the  con- 
dition of  the  eye,  by  which  it  adapts  itself  to  the  distance  or  nearness 
of  the  object  under  examination.  The  observer  himself,  at  the  moment 
of  transferring  the  sight  from  one  object  to  another,  is  conscious  of  a 
certain  effort,  by  means  of  which  the  eye  assumes  its  new  condition ; 
and  the  alteration  thus  produced  is  not  quite  instantaneous,  but  re- 
quires a certain  interval  for  its  completion.  The  process  which  takes 
place  at  this  time  is  the  accommodation  of  the  eye  for  vision  at  different 
distances. 

The  method  by  which  the  accommodation  of  the  eye  is  effected  forms 
one  of  the  most  important  parts  of  the  physiology  of  sight.  The  facts 
which  have  been  established  by  observation  in  regard  to  it  are  as 
follows : 

I.  The  change  in  ocular  accommodation  for  different  distances  is 
accompanied  by  an  alteration  in  distinctness  of  the  images  formed  upon 
the  retina. 

This  is  demonstrated  by  the  observations  of  Helmholtz  with  the  aid 
of  the  ophthalmoscope.  When  the  retina  is  brought  into  view  by  this 
instrument,  if  the  person  under  examination  fix  his  attention  upon  a 
distant  object,  its  image  is  shown  upon  the  retina  with  distinct  outlines; 
but  on  changing  the  point  of  vision  for  a near  object,  the  image  of  the 
latter  becomes  distinct,  while  that  of  the  former  loses  its  sharpness. 
This  indicates  that  the  result  in  question  is  not  produced  simply  by  the 
mental  effort  of  the  individual,  but  depends  upon  a physical  change  in 
the  refractive  condition  of  the  ej-e. 

II.  Accommodation  for  distant  objects  is  a passive  condition  of  the 
eye;  that  for  near  objects  is  the  result  of  muscular  activity. 

This  fact  is  in  some  degree  made  apparent  by  the  nature  of  the  sen- 
sations accompanying  the  change.  The  eye  rests  without  fatigue  for 
an  indefinite  time  upon  remote  objects ; but  for  the  examination  of 
those  in  close  proximity,  especially  if  it  be  prolonged,  a certain  effort  is 
necessary,  which,  after  a time,  amounts  to  the  sense  of  fatigue.  It  is 
also  remarked  that  solutions  of  atropine,  which,  when  applied  to  the 
eye,  cause  temporary  paralysis  of  the  sphincter  muscle  of  the  iris  and 
consequent  dilatation  of  the  pupil,  suspend,  more  or  less  completely, , 
the  power  of  accommodation  for  near  objects,  while  that  for  remote 
objects  remains  perfect.  If  both  these  changes  were  due  to  muscular 
action,  it  would  be  necessary  to  assume  that  the  same  substance  could 
paralyze  one  of  the  internal  muscles  of  the  eyeball,  and  at  the  same 
time  leave  the  other  intact,  or  throw  it  into  a state  of  permanent  rigid- 
ity; and  there  is  nothing  known  which  would  justify  such  an  assump- 
tion. Furthermore,  there  are  certain  cases  of  paralysis  of  the  oculo- 
motorius  nerve,  where  not  only  the  corresponding  external  muscles  of 
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the  eyeball  and  the  sphincter  pupilhe  are  relaxed,  but  the  changes  o 
accommodation  are  also  interfered  with  ; and  in  these  instances,  accord- 
ing  to  Helmholtz,  the  eye  invariably  remains  adapted  for  long  distances, 
and  cannot  be  brought  to  a state  of  distinct  vision  for  near  objects. 
The  evidence  in  this  direction  is  completed  by  the  well-known  tacts 
which  accompany  the  usual  diminution  or  loss  of  accommodative  power 
with  advancing  years.  In  old  persons,  where  this  change  lias  taken 
place,  it  is  the  accommodation  for  near  objects  which  is  deficient,  while 

that  for  distant  objects  remains  perfect. 

Ill  In  accommodation  for  near  objects , the  crystalline  lens  becomes 
more  convex , thus  increasing  its  refractive  power.  This  is  the  essential 
change  upon  which  all  the  results  of  accommodation  are  directly  de- 
pendent. Its  existence  was  demonstrated  by  Cramer  and  Bonders,  by 
1 the  aid  of  what  are  called  the  “ catoptric 

Fig.  199-  images,”  or  images  of  reflection  in  the  eye. 

If  a brilliant  candle  flame  be  so  disposed,  in  a 
^ room  with  dark  walls,  that  its  rays  fall  some- 

what  obliquely  upon  the  cornea  of  the  eye 
under  observation,  and  at  an  angle  of  about 
30  degrees  with  its  line  of  sight,  and  if  the 
observer  place  himself  on  the  opposite  side,  at 
an  equal  angle  with  the  line  ot  sight,  three 
reflected  images  of  the  flame  will  become  visi- 
ble, as  in  the  accompanying  figure. 

'file  first  left-hand  image  (Fig.  199,  a) 
which  is  brightest  of  all,  and  upright,  is  that 
reflected  from  the  surface  of  the  cornea.  1 he 
second,  b , which  is  also  upright,  but  much 
fainter,  is  the  reflection  from  the  convex  anterior  surface  of  the  lens; 
and  the  third,  c,  which  is  tolerably  distinct,  but  inverted,  is  thrown 
back  from  the  posterior  surface  of  the  lens,  acting  as  a concai  e 
If  the  person  under  observation  now  changes  his  point  of  Bight,  f om _ a 
distant  to  a near  object,  the  position  of  the  eyeball  remaining  fixed  he 
second  image,  6,  becomes  smaller,  and  places  itself  nearer  the  first 
This  indicates  that  the  anterior  surface  of  the  lens,  rom  J*  10 
linage  is  reflected,  becomes  more  bulging,  and  approaches  t - , 

at  the  same  time  no  change  is  observable  in  the  other  wo ' '8  ^ 

showing  that  the  curvatures,  both  of  the  cornea  and  ot  the  poster 

above  described  much  more 

apparent  by  employing  instead  of  a single  light,  ^ 

illumination  placed  in  the  same  vertical  line.  There  are  tuns  1 

two  catoptric  images,  one  above  the  other,  from  each 

tion  ; and  an  increase  or  diminution  m convexity  of  either  of 

. X)onders,  Accommodation  and  Refraction  of  the  Eye,  Sydenham  edition. 
London,  1864,  p.  10. 


I c 

' Catoptric  Images  in 
the  Eye.— a.  Upright  image 
of  reflection,  from  the  surface 
of  the  cornea.  b.  Upright 
image,  from  the  anterior  sur- 
face of  the  lens.  c.  Inverted 
image,  from  the  posterior  sur- 
face of  the  lens. 
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faces  would  be  readily  manifested  by  an  approach  or  recession  of  the 
two  images  belonging  to  it.  In  accommodation  for  remote  objects  (Fig. 
200,  A),  the  two  images  from  the  anterior  surface  of  the  lens  arc  of 
considerable  size  and  somewhat  widely  separated  ; in  accommodation 
for  near  objects  (i>),  they  diminish  in  size  and  approach  each  other. 
The  double  reflections  from  the  cornea  and  the  posterior  surface  of  the 
lens,  remain  at  sensibly  the  same 
distance  from  each  other  in  both 
states  of  accommodation. 

The  advance  of  the  iris  and  pu- 
pil, in  consequence  of  the  protru- 
sion of  the  anterior  face  of  the  lens, 
as  remarked  by  Helmholtz,  can  also 
be  observed  directly,  by  looking 
into  the  eye  from  the  side.  If  the 
observer  look  from  this  direction 
so  as  to  obtain  a profile  view  of  the 
cornea  and  part  of  the  sclerotic  be- 
tween the  opening  of  the  eyelids,  he 
will  see  the  dark  pupil  in  perspec- 
tive under  the  form  of  an  upright 
elongated  oval,  a little  in  front  of 
the  edge  of  the  sclerotic.  The  person  under  observation  fixes  his  sight 
upon  a distant  object,  and  the  observer  places  himself  steadily  in  such 
a position  that  the  hither  edge  of  the  iris  is  just  concealed  by  the  ante- 
rior border  of  the  sclerotic.  If  the  sight  be  now  shifted  from  the  dis- 
tant to  a near  object,  in  the  same  linear  range,  the  pupil  visibly  ad- 
vances toward  the  cornea,  and  the  edge  of  the  iris  shows  itself  a little 
from  behind  the  edge  of  the  sclerotic.  If  the  sight  be  again  directed  to 
the  distant  object,  the  pupil  recedes  and  the  edge  of  the  iris  disappears, 
as  before,  behind  the  sclerotic. 

The  accommodation  of  the  eye  for  near  objects  is  therefore  produced 
by  an  increased  refractive  power  of  the  lens , from  the  greater  bulging 


(,f  its  anterior  face.  This  has  the  effect  of  increasing  the  rapidity  of 
convergence  of  rays  passing  through  it,  and  consequently  compensates 
for  their  greater  divergence  before  entering  its  substance.  In  the  ordi- 
nary condition  of  ocular  repose,  when  the  eye  is  directed  to  distant  ob- 

41 


Fig.  202. 


Vision  for  near  objects. 


Fig.  201. 


Vision  for  distant  objects. 


Fig.  200. 

A B 
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Change  of  Position  in  Double 
Catoptric  Images  during  accommoda- 
tion.— A.  Position  of  the  images  in  accom- 
modation  for  distant  objects.  B.  Position 
of  the  images  in  accommodation  for  near  ob- 
jects.  a.  Corneal  image,  b.  Image  from  an- 
terior surface  of  lens.  c.  Image  from  poste- 
rior surface  of  lens. 
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jects,  the  rays  coming  from  any  point  of  such  an  object  arrive  a t e 
cornea  in  a nearly  parallel  position,  and  are  then  refracted  to  such  a de- 
gree that  they  meet  in  a focus  at  the  retina  (Fig.  201).  When  the  eye 
is  directed  to  a nearer  point  (Fig.  202),  the  lens  increases  its  anterior 
convexity  ; and  the  divergent  rays,  being  more  strongly  refracted,  aie 
still  brought  to  a focus  at  the  retina,  as  before.  It  thus  becomes  possi- 
ble to  fix  alternately,  in  distinct  vision,  objects  at  various  distances  in 

front  of  the  eye.  . . ... 

Mechanism  of  the  Change  in  Figure  of  the  Lens  in  Accommodation.- 

The  mechanism  by  which  the  lens  is  rendered  more  convex,  in' vision 
for  near  objects,  is  far  from  being  completely  demonstrated,  'lhe  rea- 
sons have  already  been  given  which  lead  to  the  conclusion  that  it  is 
accomplished,  in  some  way,  by  muscular  action;  and  the  two  muse  es 
which,  separately  or  together,  undoubtedly  produce  this  change,  aie  the 

iris  and  the  ciliary  muscle.  . „ ...  T]  • 

The  iris  certainly  contracts  in  accommodation  for  near  objects,  lh 
is  easily  observed  on  examining  by  daylight  the  pupil  of  an  eye  whic 
is  alternately  directed  to  near  and  remote  objects.  The  pupil  visib  y 
diminishes  in  size  when  the  eye  is  fixed  upon  a point  neai  by,  and  age 
enlarges  when  the  sight  is  accommodated  for  the  distance.  The  nun  - 
ments  of  the  ciliary  muscle,  on  the  other  hand,  are  not  subject  to  ob- 
servation; but  the  attachments  and  position  of  this  muscle  have  led 
many  writers  to  attribute  to  it  an  important,  if  not  the  principal,  pa.t 
in  causing  a change  of  form  in  the  crystalline  lens. 

So  far  as  we  are  at  present  able  to  form  a judgment  on  this ‘ ’ 

it  may  be  said  that  the  diminution  in  size  of  the  pupil  is  not  b\  itse 
an  efficient  cause  of  accommodation ; since,  according  to  Helmholtz, 
the  observer  look  through  a perforated  card,  the  orifice  of  wh 
silt  than  the  pupil,  near  objects  still  appear  indistinct  when  he 
sight  is  directed  to  the  distance,  and  vice  versa,  notwlt^fan^  ^ 
invariable  dimensions  of  the  artificial  pupil  thus  employed.  Lhe  con 
traction  of  the  circuit*  fibres,  of  the  sphincter  PW™- 
have  for  its  probable  object  to  fix  the  inner  border  of  the  ins,  tl 

affording  an  internal  point  of  attachment  for  the  rac  la  mg  ^ 

5 i TitPQP  fibres  have  for  their  external  attachment  tue 

etoticTssue  at  tht  inner  wall  of  the  canal  of  Schlemm  (Fig.  189);  ai 1 
: rth  c cle  L arise  the  fibres  of  the  ciliary  mnsete,  which  md.ate 
outward  and  backward  to  their  final  attachment  at  the ^surfac  of  the 
choroid  membrane.  If  the  circular  and  rad.at.ng  A^es  of  both  these 
muscles  contract  together,  they  will  form  a connec  ted  sys 
may  exert  a pressure  upon  the  borders  o . the  tens, 

the  protrusion  of  its  anterior  face  at  t , protrusion  of  the 

is  not  resisted.  The  aqueous  humor,  displaced  y 1 where 

lens,  may  find  room  in  the  externa  pai  s o ^ traction  of  the  ciliary 

the  outer  border  of  the  iris  /features  of  the  mechanical  action  in 
muscle.  These  arc  the  geneia  • , . k olace  At  the  same 

accommodation,  as  it  is  generally  supposed  to  take  place.  At 
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time,  its  details  are  by  no  means  clearly  understood ; and  explanations, 
varying  more  or  less  from  that  given  above,  have  been  proposed  by 
observers  of  very  high  authority.  The  direction  and  degree  in  which 
pressure  would  be  exerted,  by  muscular  fibres  attached  like  those  in  the 
interior  of  the  eye,  are  too  imperfectly  known  to  warrant  a positive 
statement  in  this  respect. 

Limits  of  Accommodation  for  the  Normal  Eye. — The  normal  eye  is 
so  constructed  that  rays  emanating  from  a single  point,  though  coming 
from  an  indefinite  distance,  and  therefore  sensibly  parallel  to  each  other, 
are  brought  to  a focus  at  the  retina  (Fig.  203).  Vision  is  accordingly 
distinct,  even  for  the  heavenly  bodies,  provided  their  light  be  neither  too 
dim  nor  too  excessive  in  brilliancy.  For  bodies  situated  nearer  to  the 
eye,  the  convexity  of  the  lens  increases  with  the  diminution  of  the  dis- 
tance, and  vision  still  remains  perfect.  But  there  is  a limit  to  the  change 
of  shape  which  the  lens  is  capable  of  assuming ; and  when  this  limit  is 
reached,  a closer  approximation  of  the  object  necessarily  destroys  the 
accuracy  of  its  image.  For  ordinary  normal  eyes,  in  the  early  or  middle 
periods  of  life,  accommodation  fails  and  vision  becomes  indistinct,  when 
the  object  is  placed  at  less  than  15  centimetres  (6  inches)  from  the  eye. 

Between  these  two  limits,  of  15  centimetres  and  infinity,  the  amount 
of  accommodation  required  is  by  no  means  in  simple  proportion  to  the 
variation  of  the  distance.  The  change  of  accommodation  necessaiy  for 
objects  situated  respectively  at  15  and  30  centimetres  from  the  eye  (6 
inches  and  12  inches),  is  much  greater  than  that  corresponding  to  the 
distances  of  one  yard  and  two  yards.  The  farther  the  object  recedes 
from  the  eye,  the  less  difference  is  produced,  in  the  sensible  divergence 
of  the  rays,  by  any  additional  increase  of  distance ; and  consequently 
less  variation  is  required  in  the  refractive  condition  of  the  eye  to  pre- 
serve the  accuracy  of  its  image.  It  is  generally  found  that  no  sensible 
effort  of  accommodation  is  required  for  objects  situated  at  any  distance 
beyond  fifty  feet  from  the  observer ; while  within  this  limit  the  amount 
of  accommodation  necessary  for  distinct  vision  increases  rapidly  with 
the  diminution  of  the  distance. 

An  eye  which  is  capable  of  accommodating  for  distinct  vision,  through- 
out the  whole  range  included  between  15  centimetres  and  an  indefinite 
distance,  is,  in  this  respect,  a normal  eye,  and  is  said  to  be  emmetropic ; 
that  is,  its  powers  of  accommodation  are  placed  within  the  natural  limits 
or  measurements  of  this  function. 

Presbyopic  Eye. — The  power  of  accommodation  diminishes  naturally 
with  the  advance  of  age ; and  observation  shows  that  this  diminution 
dates  from  the  earliest  period  of  life.  Infants  often  examine  minute  ob- 
jects at  very  short  distances,  in  a manner  which  would  be  quite  imprac- 
ticable for  the  healthy  adult  eye ; and  the  minimum  distance  of  distinct 
vision  at  twenty  years  of  age  is  placed  by  some  writers  at  ten  centi- 
metres instead  of  fifteen.  The  power  of  increasing  the  convexity  of  the 
lens  to  this  extent  is  soon  lost ; and,  as  it  continues  to  diminish,  a time 
arrives,  usually  between  the  ages  of  40  and  50  years,  when  the  incapacity 
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of  accommodation  for  near  objects  begins  to  interfere  with  the  ordinary 
occupations  of  life.  When  this  condition  is  established  the  eye  is  suid 
to  be  presbyopic.  Its  vision  is  still  perfect  lor  distant  objects,  but  it 
can  no  longer  adapt  itself  for  the  examination  ot  those  in  close  piox- 
imity  to  the  eye.  To  remedy  this  defect  the  patient  employs  a convex 
eye-glass,  which  replaces  for  him  the  increased  convexity  of  the  crys- 
talline lens,  in  accommodation  for  near  objects ; and  by  the  aid  of  such 
a o-l ass  he  is  able  to  read  or  write  at  ordinary  distances  and  in  chaiactcis 
of  the  ordinary  size. 

The  use  of  a convex  eye-glass  does  not  restore  the  perfection  of  sight 
as  it  existed  beforehand,  in  the  normal  eye,  the  degree  of  accommoda- 
tion varies  for  every  change  of  distance  within  fifty  feet ; and  the  organ 
is  thus  adjusted,  by  an  instantaneous  aud  unconscious  movement,  for 
the  most  delicate  variations  of  refractive  power.  But  an  eye-glass,  the 
curvatures  of  which  are  invariable,  can  give  perfect  correction  only  for 
a single  distance.  A glass  is,  therefore,  usually  selected  of  such  a 
strength  as  to  serve  for  the  most  convenient  distance  iu  the  ordinary 
manipulation  of  near  objects. 


Fig.  203. 


Emoteofio  Eye,  iu  vision  at  long  distances.  (Wundt.) 


Fig.  204. 


JVIyopio  Eye,  in  vision  at  long  distances.  (AVundt.) 


Myopic  Eye— In  many  instances,  where  the  eye  is  otherwise  of  nor- 
mal configuration,  its  antero-posterior  diameter  is  longer  than  usual, 
thus  placing  the  retina  at  a greater  distance  behind  the  lens.  The  con- 
sequence of  this  peculiarity  is  that  while  the  luminous  rays  are  brought 
to  a focus  at  the  usual  distance  from  their  point  of  entrance  into  the  eye, 
this  focus  is  situated  within  the  vitreous  body;  and  the  rays  reach  the 
retina  only  after  they  have  crossed  and  suffered  a partial  dispersion. 
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(Fig.  204.)  This  produces  an  indistinct  image  for  all  remote  objects. 
Within,  however,  a certain  distance  from  the  eye,  the  rays  enter  the 
pupil  under  such  a degree  of  divergence,  that  their  focus  behind  the  lens 
falls  at  the  situation  of  the  retina,  and  the  object  is  distinctly  seen. 
Such  an  eye  is  said  to  be  myopic , or,  in  ordinary  language,  “near 
sighted,”  because  its  range  of  distinct  vision  is  confined  to  objects 
situated  comparatively  near  the  eye.  The  flexibility  of  the  lens,  and  its 
capacity  for  increasing  its  convexity,  may  be,  in  the  myopic  eye,  fully  up 
to  the  normal  standard,  and  consequently  its  power  of  accommodation 
may  be  as  great  in  reality,  though  not  in  distance,  as  that  of  the  normal 
eye.  In  the  emmetropic  condition,  a certain  degree  of  variation  in  the 
curvature  of  the  lens  produces  the  necessary  change  of  accommodation 
for  any  distance  between  15  centimetres  and  infinity.  In  the  myopic 
eye  the  same  amount  of  accommodating  power  may  be  present,  though 
perfectly  distinct  vision  be  confined  between  the  distances  of  8 and  20 
centimetres.  The  myopic  eye  consequently  has  distinct  vision  at  shorter 
distances  than  a natural  one,  but  gives  an  imperfect  image  for  remote 
objects. 

The  remedy  adopted  for  the  myopic  eye  is  to  employ  a concave  eye- 
glass, which  increases  the  divergence  of  the  incident  rays.  This  enables 
the  eye  to  bring  parallel  or  nearly  parallel  rays  to  a focus  situated 
farther  back  than  it  would  otherwise  fall,  and  at  the  actual  position  of 
the  retina ; thus  giving  distinct  vision  for  remote  objects.  As  the 
accommodative  power  is  normal  in  amount,  this  contrivance  restores 
completely  the  perfection  of  sight,  in  a myopic  eye  which  is  otherwise 
well-formed  ; and  the  patient  can  then  accommodate  accurately  for  all 
distances  within  the  natural  limits  of  distinct  vision. 

Apparent  Position  of  Objects , and  Binocular  Vision. — The  apparent 
position  of  an  object  is  determined  by  the  direction  in  which  the  lumi- 
nous rays  pass  from  it  to  the  interior  of  the  eye.  The  perception  of 
the  light  itself  necessarily  marks  the  direction  from  which  it  has  arrived, 
and  therefore  the  apparent  position  of  its  source.  It  is  difficult  to  under- 
stand fully  the  precise  physiological  conditions  which  cause  this  appreci- 
ation of  the  path  followed  by  a luminous  beam;  although  there  seems 
reason  for  the  belief  that  it  is  in  some  way  connected  with  the  posi- 
tion of  the  rods  and  cones  which  stand  perpendicularly  to  the  curved 
surface  of  the  retina,  and  thus  receive  the  impression  of  a ray,  if  at  all, 
in  the  direction  of  their  longitudinal  axes.  But  whatever  may  be  the 
optical  or  physiological  mechanism  of  the  process,  its  plain  result  is  that 
a ray  coming  from  below  attracts  attention  to  the  inferior  part  of  the 
field  of  vision ; and  one  coming  from  above  is  referred  to  its  point  of 
origin  in  the  upper  part  of  the  same  field.  Thus  if  two  luminous  points 
appear  simultaneously  in  the  field  of  vision,  they  present  themselves  in  a 
certain  position  with  regard  to  each  other,  above  or  below,  to  the  right 
or  the  left,  according  to  the  direction  in  which  their  light  has  reached 
the  eye. 
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This  fact  is  fully  demonstrated  by  the  phenomena  of  angular  reflec- 
tion and  refraction.  If  a candle  be  held  behind  the  back,  in  such  a posi- 
tion as  to  be  reflected  in  a mirror  placed  at  the  front,  the  light  presents 
itself  to  the  eye  as  if  it  were  really  in  front,  because  it  is  Irom  this 
direction  that  the  luminous  rays  finally  come.  II  we  observe  the  reflec- 
tion of  objects  in  a mirror  held  horizontally,  or  in  a smooth  sheet  of 
water,  the  objects  seem  to  be  placed  below  the  reflecting  surface,  although 
they  are  really  above  it ; since  the  rays  which  make  their  impression 
upon  the  eye'  actually  come  from  below.  A stick  or  pebble,  seen  ob- 
liquely at  the  bottom  of  a transparent  pool,  appears  nearer  the  surface 
than  it  really  is,  because  the  rays  which  reach  the  visual  organ  have 
been  bent  from  their  course,  in  passing  from  the  water  into  the  atmos- 
phere, and  have  consequently  assumed  a more  oblique  direction. 

Erect  Vision,  with  Inverted  Retinal  Image. — Since  it  is  the  direction 
of  the  visual  rays,  rather  than  the  point  of  their  impact  upon  the  retina, 
which  determines  the  apparent  relative  position  of  luminous  objects, 
such  objects  appear  erect  although  their  images  upon  the  retina  are 
inverted.  The  retinal  image  is  not  the  form  which  is  seen  by  the  eye 
itself  but  is  only  a phenomenon  visible  to  the  inspection  of  another 
eye.  ’ It  is  an  appearance  which  is  incidental  to  the  mode  of  refraction 
of  the  visual  rays  ; and  its  position  is  quite  a distinct  matter  from  that 
of  the  luminous  impressions  perceived  by  the  retina.  Its  relation  to 
the  picture  really  presented  to  the  sensitive  membrane,  is  like  that  ot 
the  reversed  engraving  upon  a wood-cut  to  the  printed  impression  of 
the  same  design;  or  like  that  of  the  elevations  and  depressions  of  a 
mould  to  the  depressions  and  elevations  of  the  cast  taken  from  1 . n 
the  field  of  sight,  therefore,  for  each  eye,  every  object  appears  above  or 
below,  to  the  right  or  left,  according  to  the  position  which  it  really 
occupies  in  regard  to  the  centre  of  the  field  and  the  line  of  direct  vision 
Point  of  Fixation,  in  Vision  with  Two  Eyes.- For  each  eye,  distinct 
perception  is  possible,  as  shown  above  (p.  628),  only  for  objects  situate 
In  a single  range,  which  is  known  as  the  “line  of  direct  vision.”  S nee 
the  eyes  are  placed  in  their  orbits  at  a lateral  distance  from  each  other 
of  about  six  centimetres,  when  they  are  both  directed  at  the  same  object 
within  a moderate  distance,  their  lines  of  direct  vision  have  a sensible 
convergence,  and,  of  course,  cross  each  other  only  at  a single  point. 
At  tliis^ point  of  intersection  of  the  two  lines  of  direct  vision  an  object 
may  be  seen  distinctly  by  both  eyes  at  the  same  time.  Bu  a every 
other  point,  it  must  appear  indistinct  to  one  of  them  ; because  if  it  b 
L the  line  of  direct  vision  for  the  right  eye  it  will  be  out  of  hat  line 
for  the  left  and  vice  versa.  There  is,  accordingly,  only  a certain  dis- 
t°„ce  directly  in  front,  at  which  an  object  can  be  distinctly  seen  s,m- 
ultaneously  by  both  eyls;  namely,  that  at  which  the  two  lines  of  direct 
vision  cross  each  other.  This  point  is  called  the  point  of  fixation,  for 
the  two  eyes.  In  fixing  any  object,  for  binocular  vision,  the  accommo- 
dation  in  each  eye  is  atlhc  same  time  adjusted  for  the  required  distance , 
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Fig.  205. 


and  thus  the  entire  accuracy  of  both  organs  is  concentrated  upon  a single 
point. 

Since  it  is  the  position  of  the  two  eyes  iu  their  respective  orbits  which 
determines  the  point  of  fixation,  the  observer  can  form  a tolerably  accu- 
rate judgment,  as  to  whether  another  person  within  a moderate  distance 
be  looking  at  him,  or  at  some  other  object  farther  removed  in  the  same 
direction.  For  more  considerable  distances  the  estimate  fails,  because 
the  obliquity  of  the  two  eyes,  which  varies  perceptibly  within  moderate 
distances,  diminishes  so  much  in  looking  at  remote  objects,  that  the 
slight  ditferences  which  exist  are  no  longer  appreciable  by  the  observer. 

Single  and  Distinct  Vision  with  both  Eyes. — From  the  preceding 
facts  it  is  evident  that  only  one  point  can  be  found  in  the  line  of  direct 
vision,  for  both  eyes  at  the  same  time. 

When  an  object  occupies  this  situation, 
namely,  the  point  of  fixation,  it  is  distinctly 
perceived  by  both  eyes  iu  the  centre  of  the 
field  of  vision ; thus  its  two  visual  images 
exactly  cover  each  other  iu  their  apparent 
position  and  so  form  but  one.  Consequently, 
the  object  appears  single,  though  seen  simul- 
taneously by  both  eyes  (Fig.  205).  But  if 
placed  either  within  or  beyond  the  point  of 
fixation,  an  object  appears  indistinct  and  at 
the  same  time  double.  If  the  observer  hold 
a slender  rod  in  the  vertical  position  at  a 
distance  of  one  or  two  feet  before  the  face, 
and  in  the  same  range  with  any  small  object, 
such  as  a door-knob,  on  the  opposite  side  of 
the  room,  it  will  be  found  that  when  both 
eyes  are  directed  at  the  rod,  it  is  seen  single 
and  distinctly,  but  the  door-knob  appears 
double  one  of  its  images  falling  upon  each 
side.  If  the  eyes  be  now  directed  at  the  door- 
knob, that  in  turn  becomes  distinct  and  single, 
while  the  rod  appears  double,  one  indistinct 
image  being  placed  on  each  side,  as  before. 

These  phenomena  depend  upon  the  different  directions  of  the  two 
lines  of  direct  vision.  When  the  eyes  are  so  directed  that  the  nearer 
object  (Fig.  205,  l)  occupies  the  point  of  fixation,  the  farther  object  (a) 
will  also  be  seen,  because  it  is  still  included  in  the  visual  field;  although 
it  will  be  seen  indistinctly,  because  the  accommodation  of  the  eye  is  no 
longer  adjusted  to  its  distance,  and  because  it  is  not  in  the  line  of  direct 
vision.  But  for  the  right  eye  (a)  it  will  be  placed  to  the  right  of  this 
line,  and  for  the  left  eye  (6)  to  the  left  of  it.  Its  two  images  do  not  cor- 
respond with  each  other  in  situation,  and  the  object  accordingly  appears 
double. 

If  the  ej'es,  on  the  other  hand,  be  directed  at  the  more  distant  object, 


Single  and  Double  Vi- 
sion, at  different  distances. — a. 
Right  eye.  6.  Left  eye.  1.  Ob- 
j ect  at  the  point  of  fixation,  seen 
single.  2.  Object  beyond  the 
point  of  fixation,  seen  double. 
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the  nearer  one  is  no  longer  in  the  point  of  fixation.  For  the  right  eye, 
its  image  will  appear  to  the  left  of  the  line  of  direct  vision,  and  for  tlie 
left  eye  to  the  right  of  this  line.  It  therefore  appears  double  and  in- 
distinct. 

Thus,  in  the  ordinary  use  of  binocular  vision  every  object  but  one 
appears  double  and  at  the  same  time  imperfectly  delineated.  This  cir- 
cumstance is  so  little  noticed  that  it  is  never  a source  of  confusion  for 
the  sight,  and  even  requires  a special  experiment  to  demonstrate  its 
existence.  The  reason  for  its  passing,  as  a general  rule,  unobserved  is 
twofold.  First,  the  attention  is  naturally  concentrated  upon  the  object 
which  is  placed,  for  the  moment,  at  the  point  of  fixation.  When  this 
point  is  shifted,  the  new  object  upon  which  it  falls  also  appears  single; 
and  thus  the  idea  of  a double  image,  even  if  indistinctly  suggested  at 
any  time,  is  at  once  dispelled  by  the  movement  of  the  eyes  in  that 
direction.  Secondly,  an  object  which  is  really  placed  in  any  degree 
toward  the  right  hand  or  the  left  will  form  an  indistinct  double  image, 
since  it  occupies  a different  apparent  position  for  the  two  eyes.  But 
the  obliquity  of  its  rays,  and  consequently  the  indistinctness  of  its 
image,  will  be  greater  for  the  right  eye  than  for  the  left,  or  vice  versa; 
and  the  notice  of  the  observer,  if  drawn  to  it  at  all,  is  occupied  with 
the  more  distinct  of  the  two  images,  to  the  exclusion  of  the  other. 
The  fact  becomes  palpable  only  in  such  an  experiment  as  that  detailed 
above ; where  two  bodies  are  examined  in  the  same  linear  range,  so  that 
the  double  images  produced  are  equal  in  intensity,  and  sufficient^  de- 
tached by  contrast  from  surrounding  objects  to  force  themselves  upon 
the  attention. 

Double  vision  may  also  be  produced  at  any  time  by  pressure  with 
the  finger  at  the  external  angle  of  one  of  the  eyes,  so  as  to  alter  its  posi- 
tion in  the  orbit,  the  other  eye  remaining  untouched.  But  in  this  case 
it  is  the  whole  field  of  vision  which  is  displaced,  and  all  objects  are 
doubled  indiscriminately;  their  images  being  separated  to  the  same 
degree  and  in  the  same  direction,  whatever  may  be  their  distance  from 
the  eye.  It  is  this  form  of  double  vision  which  is  produced,  in  vertigo 
or  intoxication,  by  irregular  action  of  the  muscles  of  the  eyeball. 

Appreciation  of  Solidity  and  Projection. — TYlien  both  eyes  are  direct- 
ed simultaneously  at  a single  point,  the  distance  of  the  object  may  be 
estimated  with  considerable  accuracy  by  the  degree  of  convergence  oi 
the  visual  axes  required  for  its  fixation.  Since  this  convergence  is 
in  proportion  to  the  proximity  to  the  observer  of  the  point  of  fixation, 
another  impression,  of  different  kind  but  of  equal  importance,  is  also 
produced  by  binocular  vision,  when  the  object  has  an  appreciable  olume 
and  thickness,  and  when  it  is  placed  within  a moderate  distance.  Oving 
to  the  lateral  separation  of  the  two  eyes,  and  the  convergent  direction 
of  their  visual  axes,  they  do  not  both  receive  from  such  an  object  pre- 
cisely the  same  image.  Both  eyes  will  see  the  front  of  the  object  in 
nearly  the  same  manner;  but  in  addition  the  right  eye  will  see  a little 
of  its  right  side,  and  the  left  eye  will  see  a little  of  its  left  side.  I his 
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being  visible  to  the  right  eye.  As  the  central  part  of  the  mass  is  in  the 
point  of  fixation,  at  the  junction  of  the  two  visual  axes,  the  object 
appears  single.  But  the  images  which  it  presents  to  the  two  eyes  are 
not  precisely  identical  in  form ; and  it  is  the  combination  of  these  dif- 
ferent images  into  one  which  gives  rise  to  the  impression  of  solidity  or 
projection. 

But  this  effect  is  complete  only  when  the  object  is  situated  within  a 
moderately  short  distance.  For  those  which  are  comparatively  remote, 
the  convergence  of  the  visual  axes,  and  consequently  the  difference  in 
the  apparent  configuration  of  the  two  images,  become  inappreciable, 
and  the  optical  impression  of  solidity  disappears.  At  a distance  of 
some  miles  even  a large  object,  like  a mountain,  loses  its  projection, 
and  presents  the  form  of  a flattened  mass  against  the  horizon.  It  is  on 
this  account  that  pictorial  representations  of  distant  views  are  often 
extremely  effective;  the  idea  of  successive  remoteness  in  different  parts 
of  the  landscape  being  conveyed  by  appropriate  intersection  of  the  out- 
lines and  by  variations  in  tone,  color,  and  distinctness,  like  those  due 
to  the  interposition  of  the  atmosphere.  On  the  other  hand,  a picture 
of  near  objects,  which  aims  to  represent  their  solidity,  can  never  de- 
ceive us  in  this  respect,  however  elaborate  may  be  the  details  of  surface, 
shadow,  and  color ; since  the  flat  surface  of  the  picture  presents  the 
same  image  to  botli  eyes,  and  it  is  consequently  evident  that  the  ob- 
jects delineated  have  no  real  projection.  But  if  two  pictures  of  the 
same  object,  taken  in  two  different  positions,  be  presented  in  such  a 
■way  that  only  one  of  them  is  seen  by  the  right  eye,  and  only  the  other 
by  the  left,  the  same  optical  effect  may  be  produced  as  by  the  object 
itself,  and  the  appearance  of  solidity  and  projection  may  be  perfectly 


is  illustrated  in  Figs.  206  and  207,  which  represent  a skull  as  seen  by 
the  two  eyes,  when  placed  exactly  in  front  of  the  observor  at  a distance 
of  eighteen  inches  or  two  feet ; rather  more  of  the  details  on  one  side 
being  visible  to  the  left  eye,  and  rather  more  of  those  on  the  other 

Fig.  206.  Fig.  207. 
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imitated.  Such  is  the  principle  of  the  instrument  known  as  the  stereo- 
scope. This  is  simply  a box  or  framework,  holding  two  photographic 
pictures  of  the  same  object,  which  have  been  taken  irom  two  different 
points  of  view,  corresponding  to  the  different  positions  of  the  two  eyes. 
Thus  one  of  the  pictures  represents  the  object  as  it  would  in  reality  be 
seen  by  the  right  eye,  and  the  other  represents  it  as  it  would  be  seen 
by  the  left.  When  these  pictures  are  so  placed  in  the  stereoscope  that 
each  eye  has  presented  to  it  the  appropriate  view,  the  two  images,  occu- 
pying the  point  of  fixation,  are  fused  upon  the  retina,  and  produce  an 
extremely  deceptive  resemblance  to  the  projection  and  stolidity  of  the 
real  object. 

The  acuteness  of  perception,  by  which  the  eyes  appreciate  a slight 
difference  in  the  two  retinal  images,  is  the  measure  of  what  may  be 
called  their  stereoscopic  sensibility.  It  has  been  observed  that  two 
coins,  composed  of  different  metals,  but  struck  from  the  same  die,  aie 
slightly  different  in  volume,  owing  to  the  unequal  dilatation  of  the 
metals  after  receiving  the  impression  of  the  die.  This  difference  may  be 
quite  inappreciable  to  the  eye  in  ordinary  examination,  even  when  the 
coins  are  placed  in  contact  with  each  other ; but  if  they  be  made  to  f ake 
the  place  of  the  two  pictures  in  a stereoscope  box  and  viewed  togethci , 
the  resulting  image,  instead  of  presenting  a plane  surface,  appears  ob- 
lique and  convex.  , 

The  degree  of  stereoscopic  sensibility  was  tested  by  Helmholtz  m the 
following”  manner : Three  metallic  pins  were  fixed  upright  in  small 
movable  blocks  of  wood,  placed  side  by  side,  so  that  the  pins  should  be 
about  12  millimetres  distant  from  each  other,  and  nearly  in  the  same 
vertical  plane.  The  observer  then,  using  both  eyes  simultaneously, 
examined  the  appearance  of  the  objects  from  a distance  of  340  milli- 
metres, the  pins  being  arranged  at  right  angles  across  the  line  of  view. 
The  immediate  object  of  the  examination  was  to  determine,  from  the 
stereoscopic  effect,  whether  the  three  pins  were  placed  exactly  m the 
same  plane,  or  whether  either  of  them  were  in  advance  of  or  behind  the 
others.  It  was  found  possible  to  detect  in  this  way  a deviation  m posi- 
tion of  one  of  the  pins  equal  to  one-half  its  own  thickness,  that  is, 
0.25  mm.;  and  the  deviation  was  recognized  with  absolute  certainty 
when  it  amounted  to  the  entire  thickness  of  the  pin,  that  is,  0.50  milli- 
metre. 


General  Laws  of  Visual  Perception.— Beside  the  laws  regulating  the 
formation  and  combination  of  optical  images,  there  are  certain  pheno- 
mena connected  with  visual  perceptions  in  general,  which  are  of  con- 
siderable importance  in  the  physiology  of  sight.  Some  of  these  p ie- 
nomena  require  for  their  study  special  modes  of  investigation,  while 
others  are  made  evident  by  comparatively  simple  means,  and  aie  often 

of  consequence  in  their  hygienic  relations.  . 

Luminous  impressions  upon  the  eye  remain  for  a certain  time 
after  the  cessation  of  the  light.  The  persistence  of  luminous 
sions  thus  left  upon  the  eye  is  very  short,  and  is  not  usually  noticeable, 
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because  these  impressions  are,  under  all  ordinary  conditions,  immediately 
followed  by  others  upon  the  same  part  of  the  retina,  and  the  new 
sensation  practically  obliterates  the  old  one.  But,  if  the  instantaneous 
impression  be  not  followed  by  a different  one,  or  if  it  be  sufficiently 
vivid  to  be  perceived,  notwithstanding  the  presence  of  others,  its  con- 
tinuance may  be  made  evident  to  observation.  Thus,  in  a dark  room, 
if  a bright  point,  like  the  heated  end  of  a wire,  be  carried  round  in  a 
circle  with  moderate  rapidity,  the  eye  follows  its  movement,  as  it  presents 
itself  successively  in  different  parts  of  the  circle ; the  light  always  ap- 
pearing at  one  point  only,  the  rest  of  the  space  remaining  dark.  But 
if  the  rapidity  of  the  circular  movement  be  greatly  increased,  the  bright 
point  seems  to  be  drawn  out  more  or  less  into  a curved  line;  and,  when 
the  rate  of  revolution  has  attained  a very  high  degree  of  velocity,  it 
becomes  transformed  into  a continuous  circle  of  light,  since  the 
impression  made  upon  the  retina,  when  the  end  of  the  wire  is  at  one 
part  of  the  circle,  lasts  until  it  has  completed  a revolution  and  again  re- 
turned to  the  same  point.  The  succession  of  sparks  thrown  off  rapidly 
from  a knife-grinder’s  wheel  often  produce  the  effect,  even  by  daylight, 
of  an  unbroken  stream  of  fire.  A circular  saw  with  large  teeth,  driven 
by  machinery  under  a high  rate  of  speed,  presents  apparently  a perfectly 
smooth  edge,  the  outline  of  which  is  formed  by  the  moving  points  of  the 
teeth ; and  the  revolving  spokes  of  a carriage  wheel,  in  rapid  motion, 
become  confused  upon  the  retina  with  each  other  and  with  the  interven- 
ing spaces,  and  assume  the  appearance  of  a uniform  glimmering  disk. 

The  absolute  duration  of  visual  impressions  upon  the  retina  has  been 
the  subject  of  various  researches,  but  it  is  found  that  its  length  cannot 
be  expressed  by  any  single  number  which  would  be  correct  for  all  cases. 
A brilliant  light  leaves,  on  the  whole,  an  impression  which  lasts  longer 
than  that  from  a feeble  one  ; but,  on  the  other  hand,  its  relative  intensity 
to  the  light  of  surrounding  objects  diminishes  more  rapidly,  and  con- 
sequently, when  it  is  in  motion,  a higher  degree  of  velocity  is  required 
to  produce  the  appearance  of  a uniformly  bright  line.  The  experiments 
employed  to  determine  the  length  of  time,  during  which  a luminous 
impression  remains  upon  the  eye  without  appreciable  diminution  of 
its  intensity,  have  been  usually  those  with  revolving  disks,  the  surface 
of  which  is  variegated  in  sectors  of  black  and  white.  The  rate  of  revo- 
lution of  the  disk  being  known,  as  well  as  the  width  of  the  different  sec- 
tors, when  the  revolving  surface  presents  to  the  eye  the  appearance  of 
an  absolutely  uniform  gray  tint,  the  time  during  whicli  the  black  or  white 
impressions  remain  undiminished  in  strength  is  readily  ascertained.  The 
result  obtained,  from  experiments  conducted  in  this  manner,  under 
moderate  illumination,  gives  the  duration  of  perfect  visual  impressions  as 
one  twenty-fourth  of  a second,  and,  for  the  oscillation  of  a very  luminous 
point  following  the  vibrations  of  a tuning  fork,  one-thirtieth  of  a second. 

The  persistence  and  apparent  continuity  of  successive  visual  images, 
appearing  at  the  same  spot,  is  illustrated  in  the  optical  contrivance 
known  as  the  Thaumatrope , or  magic  wheel.  It  consists  of  an  opaque 
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disk,  with  a perforation  at  one  spot  near  its  edge,  through  which  another 
disk  is  visible,  placed  immediately  behind  the  first,  and  capable  of  re- 
volving rapidly  while  the  first  remains  stationary.  Upon  the  second  disk 
is  a circle  of  pictures  representing  the  same  figure  in  different  positions; 
and  when,  by  its  revolution,  these  pictures  are  made  to  pass  in  quick 
succession  across  the  opening  of  the  disk  in  front,  they  present  the  ap- 
pearance of  a single  figure  in  rapid  motion.  1 he  interval  between  the 
perception  by  the  eye  of  successive  pictures  is  too  short  to  be  observed, 
and  the  same  object  appears  to  take  successively  the  different  positions 
in  which  it  is  represented. 

Duration  of  a Luminous  Impulse  required  for  the  Perception  of 
Visual  Impressions.— This  point  has  been  investigated  by  Rood1  by 
means  of  the  light  of  an  electric  spark  obtained  from  an  induction  coil 
connected  by  its  terminal  wires  with  the  inner  and  outer  surfaces  of  a 
Leyden  jar.  On  breaking  the  primary  current  a discharge  takes  place 
between  the  electrodes,  which  is  of  exceedingly  short  duration.  This 
duration  was  measured  by  Prof.  Rood  with  the  aid  of  a mirror  revolv- 
ing upon  its  transverse  axis,  by  which  the  light  of  the  electric  spark 
was  thrown  upon  a plate  of  glass,  where  it  could  be  examined  by  the 
naked  eye,  or  with  a magnifying  eye-piece,  as  in  Fig.  208. 

The  light  emanating  from  the  spark  S,  was  received  by  an  achromatic 
lens  L,  of  nine  inches  focal  length.  It  then  fell  upon  a plane  mirror 
revolving  with  a uniform  velocity  of  340  times  per  second,  and,  after 
reflection  by  the  mirror,  was  brought  to  a focus  upon  a glass  plate  G, 
where  it  could  be  examined  by  the  telescope  eye-piece  E,  magnifying 

ten  diameters.  From  the  known 
rate  of  revolution  of  the  mirror,  and 
its  distance  from  the  glass  plate  G, 
the  necessary  rate  of  movement  of  a 
reflected  beam  upon  the  plate  was 
determined.  If  the  spark,  used  in 
these  experiments,  lasted  long 
enough  for  its  reflected  image  to 
move  over  an  appreciable  distance, 
this  image  would  appear  to  the  eye 
to  be  drawn  out  in  the  direction  of 
the  movement,  owing  to  the  persist- 
ence of  its  visual  impression  as  de- 
scribed above.  But  with  the  mirror 
revolving  at  this  speed  no  such  de- 
formation was  perceptible,  the  spark 
image  appearing  of  precisely  the 
same  form  as  if  the  mirror  were 
stationary;  showing  that  the  duration  of  the  light  could  not  be  greater 
than  .000002  (M„Vo)  of  a second. 

and  Arts.  New  Haven,  September,  18 7 1. 


Fig.  208. 


Apparatus  for  measuring:  the  dura- 
tion of  an  electric  spark— S.  Position  of 
the  spark.  E.  Achromatic  lens.  M.  de- 
volving mirror.  G.  Glass  plate  for  receiv- 
ing the  image,  of  the  spark.  E.  Telescope 
eye-piece. 
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In  a continuation  of  the  experiments,  there  was  interposed  between 
the  spark  and  the  mirror  a blackened  glass  plate,  ruled  with  parallel 
transparent  lines  3'5  of  a millimetre  in  width,  and  separated  from  each 
other  by  the  same  distance.  The  image  of  this  plate,  when  illuminated 
by  the  spark,  would  appear  upon  the  glass  G,  so  long  as  the  mirror 
were  stationary,  as  a series  of  equal  alternating  black  and  white  lines. 
With  the  mirror  in  motion,  if  the  illumination  lasted  long  enough  for 
the  image  to  be  shifted  a distance  equal  to  the  combined  width  of  a 
black  and  white  line,  these  lines  would  become  undistinguishable  from 
each  other,  as  in  the  case  of  the  revolving  disk  with  black  and  white 
sectors.  Thus  the  continuance  of  the  visible  lines,  under  a given  rate 
of  motion,  proved  that  the  duration  of  the  electric  spark  was  less  than 
a certain  calculable  period.  Their  disappearance  as  distinct  objects 
indicated  that  the  limits  of  this  duration  had  been  reached  ; and  that 
it  was  long  enough  to  allow  of  the  shifting  of  two  adjacent  lines.  The 
result  showed  that  the  duration  of  the  shortest  measurable  spark  was 
but  little  over  .00000004  Gmihmoo)  of  a second. 

With  a spark  of  this  duration,  distinct  vision  of  motionless  objects 
was  perfectly  possible.  The  letters  on  a printed  page  were  plainly  to  be 
seen,  and  even  the  phenomena  of  polarization  of  light  distinctly  observ- 
able. It  is  accordingly  sufficient  to  produce  a complete  retinal  impres- 
sion. 

These  experiments  do  not  indicate  the  time  required  for  the  necessary 
nervous  action  in  the  perception  of  light.  They  onty  show  that  a lumi- 
nous impulse  having  the  above  duration  is  sufficient  to  cause  a distinct 
sensation.  But  the  time  which  is  requisite  for  the  sensation  to  be  per- 
ceived is  very  much  longer.  From  the  results  given  in  a preceding 
chapter  (p.  431)  it  appears  that  the  transmission  of  a luminous  impres- 
sion through  the  optic  nerve,  would  undoubtedly  require  at  least 
of  a second,  and  its  perception  in  the  brain  considerably  more.  It  fol- 
lows from  this  that,  at  the  instant  when  the  image  of  the  electric  spark 
is  seen,  in  the  experiment  of  Prof.  Rood,  it  has,  in  fact,  already  disap- 
peared ; the  interval  which  elapses  between  its  actual  occurrence  and  its 
perception  by  the  observer  being  very  much  greater  than  the  duration 
of  the  spark  itself. 

The  facts  detailed  above  explain  the  cause  of  a peculiar  optical  effect, 
which  has  often  been  observed  under  the  use  of  the  electric  spark ; 
namely,  that  bodies  in  rapid  motion,  if  illuminated  by  an  instantaneous 
discharge,  appear  to  the  observer  as  if  at  rest.  A disk,  painted  with 
black  and  white  sectors,  if  set  in  revolution  under  continuous  light, 
appears  of  a uniform  gray;  or,  if  the  sectors  be.  painted  of  the  rainbow 
colors,  their  tints  are  mingled  and  the  disk  appears  white.  But  if  such 
a disk,  revolving  in  a dark  room,  be  illuminated  by  the  electric  spark, 
it  becomes  visible  for  an  instant,  with  its  different  sectors  as  distinct 
from  each  other  as  if  they  wei’e  at  rest.  A jet  of  water  discharged  from 
an  orifice  at  the  bottom  of  a vessel,  though  transparent  in  the  imme- 
diate neighborhood  of  the  orifice,  is  turbid  lower  down;  and  by  iustan- 
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taneous  illumination  the  turbid  portion  is  seen  to  be  composed  of 
separate  drops,  which  appear  to  be  motionless.  A flash  of  lightning  has 
a similar  effect  in  exhibiting  objects  which  are  in  motion  as  if  they  were 
quiescent.  The  passage  of  a cannon  ball  or  a rifle  bullet  by  daylight 
is  imperceptible ; because,  as  an  opaque  object,  it  does  not  remain  long 
enough  at  any  one  point  to  efface  the  persistent  impression  of  the  objects 
visible  behind  it,  and  the  sight  of  these  objects  accordingly  does  not 
appear  to  have  suffered  any  interruption.  But  if  such  a missile  should 
happen  to  be  passing  in  front  of  the  observer  in  the  night  time  during 
a thunder  storm,  at"  the  moment  of  a flash,  it  would  be  visible  equally 
with  the  other  parts  of  the  landscape,  and  would  appear  as  a motionless 
object  suspended  in  the  air.  , 

The  momentary  closure  of  the  eyes  in  winking,  for  the  same  reason, 
does  not  cause  any  noticeable  interference  with  sight,  and  is  not  even 
observed  by  the  individual ; since  the  visual  impression  of  external 
objects  appears  to  be  continuous  during  the  short  interval  occupied  by 
the  movement  of  the  lids. 

The  local  sensibility  of  the  retina  is  diminished  by  continued  visual 
impressions.  This  diminution  of  the  retinal  sensibility  appears  to  be 
continuous  from  the  very  commencement  of  a visual  impression,  so  that 
it  may  be  made  perceptible  within  a few  seconds.  In  the  experiment  of 
exhibiting  the  image  of  the  retinal  bloodvessels  by  changing  the  posi- 
tion of  their  shadows  (page  622)  these  shadows  are  visible  for  an  instant 
with  extreme  sharpness.  But  they  begin  to  fade  almost  at  once  and 
after  a short  interval  become  imperceptible.  They  can  only  be  seen  for 
a considerable  time,  by  keeping  the  light  in  motion,  so  that  the  shadows 
fall  alternately  upon  different  parts  of  the  retina.  The  portions  of  the 
retina  which  are  in  full  illumination  have  their  sensibility  so  rapidly 
diminished,  that  the  shadow,  if  motionless,  is  no  longer  visible  by  con- 
trast. Those  which  are  in  shadow,  on  the  other  hand,  become  compara- 
tively more  sensitive  by  repose ; and  when  the  shifting  of  the  light 
brings  them  again  into  illumination,  they  not  only  receive  more  stimulus 
than  the  adjacent  parts,  but  are  also  more  impressible  to  its  influence. 

If  one  eye  be  covered  by  a dark  glass,  and  the  other  be  used  ex- 
clusively, for  an  hour  or  two,  in  reading  or  writing,  at  the  end  of  that 
time  the  difference  in  retinal  sensibility  of  the  two  eyes  will  be  very 
apparent.  A single  faintly  luminous  object  in  a dark  room  may  then 
be  almost  imperceptible  to  the  eye  which  has  been  in  use,  while  it  will 
appear  to  the  other  quite  brilliant.  If  the  application  of  the  eye  have 
not  been  carried  beyond  the  bounds  of  moderation,  this  difference  is 
transitory;  and  by  reversing  the  conditions,  that  is,  covering  the  eye 
previously  in  use,  and  reading  or  writing  by  aid  of  the  other,  that  wine 
was  before  the  most  sensitive  to  light  becomes  less  so,  and  that  which 
was  previously  fatigued  recovers  its  sensibility. 

The  alternate  diminution  and  recovery  of  the  retinal  sensibility,  by 
excitement  and  repose,  is  directly  connected  with  the  phenomena  o 
negative  images.  If  the  eye  be  steadily  fixed  for  a short  time  upon  a 
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•white  spot  in  the  middle  of  a black  ground,  and  then  suddenly  directed 
toward  a blank  wall  of  a uniform  white  or  light  gray  color,  a dark  spot 
■will  appear  at  its  centre,  of  the  same  apparent  size  and  figure  with  the 
white  one  previously  observed.  This  is  the  “ negative  image”  of  the 
retinal  impression.  That  part  of  the  retina  which  was  first  impressed 
by  the  rays  from  the  white  spot  becomes  less  sensitive  to  light ; and 
another  white  surface,  looked  at  immediately  afterward,  appears  darker 
than  usual.  On  the  other  hand,  those  parts  which  were  exposed  only 
to  the  dark  ground,  that  is,  to  the  comparative  absence  of  light,  are 
more  sensitive  than  before;  and  the  surface  of  the  white  wall,  outside 
the  central  spot,  appears  brighter  than  usual.  It  is  not  necessary  that 
the  contrast  in  hue  between  the  different  parts  of  a retinal  image  should 
be  as  strong  as  that  of  black  and  white,  in  order  to  produce  this  effect. 
Any  decided  difference  in  illumination  will  be  sufficient.  It  is  not  even 
essential  to  look  at  a different  background,  to  observe  the  appearance 
in  question.  If  a piece  of  furniture  of  dark  wood  be  placed  against  a 
blank  wall  of  white  or  gray  surface,  and  looked  at  steadily  for  a short 
time,  on  shifting  the  eyes  to  a different  part  of  the  same  wall,  the  figure 
of  the  chair  or  table  will  appear,  with  all  its  details  of  outline,  expressed 
in  a lighter  tint  than  that  of  the  surrounding  parts. 

The  above  effect  may  be  also  produced  in  a still  more  simple  man- 
ner. Let  a black  ruler,  about  one  inch  wide,  be  laid  upon  a sheet  of 
white  paper,  and  looked  at  steadily  for  thirty  or  forty  seconds.  If  the 
ruler  be  now  removed  by  a sudden  motion,  the  eye  remaining  fixed,  its 
image  will  appear  as  a bright  band  upon  the  paper,  fading  gradually  as 
the  sensibility  of  the  retina  becomes  equalized  in  its  different  parts. 

If  the  figure  which  is  thus  examined  be  a colored  one,  its  negative 
image,  subsequently  produced,  will  present  a complementary  hue  to  that 
of  the  original  object.  A strip  of  red  paper  placed  upon  the  white 
sheet,  and  then  suddenly  removed,  leaves  a negative  image  which  is 
bluish-green ; and  a green  one  leaves  an  image  which  has  a decided 
tinge  of  red.  This  shows  that  the  sensibility  of  the  retina  may  be  in- 
creased or  diminished  separately  for  the  different  colored  rays  of  the 
luminous  beam.  While  looking  at  a red  object,  the  retina  becomes  less 
sensitive  to  the  red  rays,  but  more  so  for  those  at  the  opposite  end  of 
the  spectrum,  and  vice  versa;  so  that,  on  looking  subsequently  at  a 
white  object,  the  negative  image  exhibits  a tint  con’esponding  to  the 
raj's  for  which  the  retina  has  remained  most  sensitive.  That  this  is  the 
mechanism  of  the  production  of  complementary  colors  in  negative 
images  becomes  evident  on  simplifying  the  experiment.  If  the  black 
ruler  be  laid  upon  a book  bound  in  blue  cloth,  on  taking  it  away  the 
band  which  remains  in  its  place  is  of  a more  intense  blue  than  the  rest. 
If  a red  book  be  used  for  the  same  purpose,  the  negative  image  of  the 
ruler  presents  a remarkably  pure  red  color,  while  the  remainder  of  the 
surface  appears  of  a dull  brown. 

The  variable  sensibility  of  the  retina,  according  to  its  exposure, 
affords  an  explanation  of  the  well-known  fact,  that  under  some  condi- 
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tions  an  object  may  be  most  easily  perceived  by  indirect  vision.  It 
often  happens  that  in  searching  for  a star  of  very  small  magnitude  and 
feeble  light,  it  may  be  momentarily  perceived  by  looking  not  directly 
at  it,  but  at  a point  in  its  immediate  neighborhood,  at  a small  angular 
distance  from  its  real  position.  The  star  is  not  seen  distinctly  under 
these  circumstances,  because  it  is  out  ol  the  line  of  direct  vision.  Lut 
its  light  falls  upon  a part  of  the  retina  near  the  fovea  centralis,  the  sen- 
sibility' of  which  is  more  acute  than  usual,  owing  to  its  continued 
exposure  only  to  the  dark  sky  ; while  the  fovea  itself,  which  has  been 
receiving  in  succession  the  images  of  particular  stars,  is  comparatively 
deficient  in  impressibility  to  light.  When  the  visual  axis  is  turned 
directly  upon  the  fainter  star,  for  the  purpose  of  getting  a distinct 
image,' its  light  disappears;  and  thus  it  can  only  be  seen  as  an  evanes- 
cent object  by  indirect  vision. 

If  the  eye  be  fixed  immovably  for  too  long  a time  upon  the  same 
luminous  object,  the  local  diminution  of  retinal  sensibility  may  amount 
to  fatigue;  and  a persistence  in  its  continuous  application  may  produce 
permanent  injury  of  the  visual  organ.  After . steadily  examining  a 
single  object  for  even  a short  time,  it  becomes  difficult  to  resist  the 
tendency  to  turn  the  sight  in  another  direction  by  the  automatic  move- 
ment of  the  muscles  of  the  eyeball.  Naturally,  the  eye  never  rests  for 
more  than  a few  seconds  upon  any  one  point  in  the  field  of  view ; but 
is  directed  in  succession  at  different  objects,  fixing  each  one  in  turn  at 
the  point  of  distinct  vision,  and  immediately  passing  to  another  more 
or  less  remote;  Thus  the  fatigue  of  the  retina  is  avoided,  since  those 
parts  which  at  one  instant  have  a stronger  illumination,  at  the  next 
receive  the  impression  of  a shadow  ; and  no  portion  of  the  membiane 
is  exposed  sufficiently  long  to  any  single  object  to  become  insensible  to 
its  grade  of  light  or  color. 

There  is  also  reason  to  believe  that  the  eye  requires,  for  its  safety, 
the  periodical  suspension  of  all  visual  impressions  which  is  obtainable 
in  sleep.  It  is  not  essentially  different  in  this  respect  from  other  parts 
of  the  nervous  apparatus  of  animal  life ; but  the  delicacy  of  its  sensi- 
bility, which  is  requisite  for  the  due  performance  of  its  function,  and  the 
complication  of  its  structure,  which  includes  so  many  parts  adjusted  to 
each  other  with  mathematical  accuracy,  indicate  that  it  is  one  of  the 
organs  most  liable  to  derangement  if  deprived  of  its  natural  interval 

of  restoration  and  repose. 

Sense  of  Hearing. 

By  the  sense  of  hearing  we  receive  the  impressions  of  sound,  and 
appreciate  their  intensity,  their  tone  or  pitch,  with  all  the  variations 
of  higher  or  lower  notes,  as  well  as  their  quality,  that  is,  the  diffeient 
character  of  sounds  of  the  same  tone  and  intensity,  but  produced  by 
different  methods,  as  by  reeds,  strings,  or  wind  instruments,  or  by  the 
concussion  of  solid  bodies.  Our  idea  of  lime , or  the  succession  of 
events,  seems  also  to  be  connected  more  especially  with  auditory  sensa- 
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tions.  The  impressions  received  in  this  way  depend  upon  the  vibrations 
excited  in  the  atmosphere  by  sonorous  bodies,  which  are  themselves 
thrown  into  vibration  by  various  causes,  and  which  then  communi- 
cate similar  undulations  to  the  surrounding  air.  These  undulations 
are  of  such  a kind  that  they  cannot  be  directly  appreciated  by  the 
organs  of  general  sensibility ; but  when  communicated  to  the  auditory 
apparatus  they  produce,  through  it,  the  sensation  of  sound. 

Organ  of  Hearing. — The  organ  of  hearing  consist  of,  first,  the  ex- 
ternal ear , a conch  or  trumpet-shaped  expansion,  destined  to  collect  the 
sonorous  impulses  coming  from  various  quarters,  and  to  conduct  them 
into  its  tubular  continuation,  the  external  auditory  meatus ; secondly, 
a membranous  sheet  or  drum-head,  the  membrana  tympani , stretched 
across  the  bottom  of  the  external  auditory  meatus,  by  which  the  sono- 
rous vibrations  are  received  and  transmitted,  through  the  chain  of  bones 
or  auditory  ossicles,  across  the  cavity  of  the  tympanum  or  middle  ear, 
to  the  third  portion  of  the  auditory  apparatus,  namely,  the  labyrinth , 
or  internal  ear ; a cavity  excavated  in  the  petrous  portion  of  the  tem- 
poral bone,  filled  with  fluid,  and  containing  various  membranous  sacs 
and  canals,  upon  which  are  distributed  the  filaments  of  the  auditory 
nerve. 

Thus  the  delicate  terminal  expansions  of  the  auditory  nerve,  deeply 
concealed  in  their  bony  cavities,  and  sustained  by  the  surrounding  fluid, 
are  protected  from  all  other  mechanical  impressions,  but  are  so  placed 
as  to  receive  the  impulse  of  sonorous  vibrations. 

External  Ear. — The  external  ear  consists  of  a cartilaginous  frame- 
work, covered  with  integument,  loosely  attached  to  the  bones  of  the 
head,  and  more  or  less  movable  by  means  of  various  muscles,  which, 
by  their  contractions,  tend  to  turn  its  concavity  in  various  directions. 
In  man,  notwithstanding  the  existence  of  these  muscles,  their  functional 
activity  is  nearly  imperceptible;  and  it  is  only  in  exceptional  cases  that 
they  are  capable  of  producing  a partial  sliding  or  rotatory  movement  of 
the  external  ear.  In  most  of  the  quadrupeds,  on  the  other  hand,  these 
movements  are  vigorous  and  extensive,  and  play  an  important  part,  not 
only  in  the  changes  of  expression  by  varying  the  attitude  of  the  ex- 
ternal ear,  but  also  in  aid  of  the  sense  of  hearing,  by  enabling  the 
animal  to  catch  distinctly  the  sonorous  vibrations,  from  whatever  quarter 
they  may  come.  By  their  assistance  the  direction  of  a sound  is  also 
appreciated,  since  the  animal  ascertains,  in  placing  the  ear  in  different 
positions,  the  region  from  which  it  is  received  with  the  greatest  distinct- 
ness. 

Membrana  Tympani  and  the  Chain  of  Bones — The  membrana  tjun- 
pani  is  a fibrous  sheet  of  circular  form,  composed  of  a principal  layer 
not  more  than  0.05  millimetre  in  thickness,  but  quite  strong,  and  con- 
sisting of  circular  and  radiating  tendinous  fibres  with  a trace  of  inter- 
mingled elastic  fibres.  Its  external  and  internal  surfaces  respectively 
are  covered  by  thin  continuations  of  the  integument  of  the  external 
auditory  meatus  on  the  one  hand,  and  of  the  mucous  membrane  of  the 
42 
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tympanic  cavity  on  the  other;  and  all  three  layers  together  form  a mem- 
brane which  is  about  0.10  millimetre  thick. 

In  its  natural  condition  the  membrane  is  drawn  inward,  by  its  attach- 
ment to  the  handle  of  the  malleus,  in  such  a way  that  its  external  sur- 
face exhibits  a funnel-shaped  depression,  the  deepest  point  or  bottom 
of  which  corresponds  to  the  situation  of  the  end  of  the  handle  of  the 
malleus.  According  to  the  observations  of  Helmholtz,1  the  sides  of  this 
funnel-shaped  depression  are  not  plane  but  convex,  somewhat  like  the 
inner  surface  of  the  blossom  of  a morning-glory.  It  is  only  along  a 
single  line,  corresponding  to  the  attachment  of  the  handle  of  the  malleus, 
that  the  meridian  of  the  funnel  would  be  a nearly  straight  line ; else- 
where the  radial  fibres  of  the  membrana  tympani  are  curved,  with  their 


convexities  looking  toward  the  external  auditory  meatus. 

As  the  only  attachment  of  the  membrana  tympani,  except  at  its  cir- 
cular border  where  it  adheres  to  the  bony  walls  of  the  meatus,  is  to 
the  movable  handle  of  the  malleus,  any  movement  of  the  handle  of  the 
malleus  inward  will  draw  the  membrana  tympani  in  the  same  direction, 


deepen  the  funnel-shaped  depression  at  its  centre,  and  put  its  fibres 
more  upon  the  stretch.  On  the  other  hand,  a movement  of  the  mem- 
brana tympani  outward  will  draw  the  handle  of  the  malleus  outward; 
and,  finally,  if  the  malleus  be  held  in  a position  of  equilibrium,  by  its 
elastic  and  muscular  attachments  internally  to  the  membrana  tympani, 
any  movement  of  this  membrane,  either  outward  or  inward,  will  be 
followed  by  a corresponding  change  of  position  in  the  malleus  itself. 

This  is  the  physiological  action  of  the  membrana  tympani.  From  its 
thinness  and  tension  and  from  its  position  at  the  bottom  of  the  external 
auditory  meatus,  it  enters  into  vibration,  under  the  impulse  of  sound 
coming  from  the  exterior,  and  communicates  similar  movements  to  the 
handle  of  the  malleus  attached  to  its  internal  surface. 

The.  chain  of  bones  consists  of  three  ossicles,  articulated  "with  each 
other  by  their  corresponding  extremities,  and  forming  a zigzag  line 

of  jointed  levers,  extending  from  without  in- 
ward, across  the  cavity  of  the  tympanum. 
They  are  known  respectively,  from  the  resem- 
blances of  their  configuration,  as  the  “ malleus,” 
“incus,”  and  “stapes,”  or  the  hammer,  the 
anvil,  and  the  stirrup.  The  malleus  is  about 
nine  millimetres  in  length,  of  which  a little 
more  than  one-third  is  occupied  by  the  rounded 
head  and  the  neck,  and  a little  less  than  two- 
thirds  by  the  comparatively  straight  and  tapering  handle.  The  very 
slender  long  process  projects  laterally  in  a nearly  horizontal  direction 
from  behind  forward  in  the  natural  position  of  the  bone.  The  handle 
is  the  only  part  of  the  malleus  which  is  adherent  to  the  membrana 


Fig.  209. 


1 2 3 


Ossicles  of  the  hnmnn 
ear. — 1.  Malleus.  2.  Incus.  3. 
Stapes.  (RQdinger.) 


' Mechanism  of  the  Ossicles  of  the  Ear.  Translated  by  Albert  H.  Buck,  M.D., 
and  Normand  Smith,  M.D.  New  York,  18  <3,  p.  20. 
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tympani,  the  neck  corresponding  to  the  upper  border  of  this  membrane, 
while  the  head  projects  above  it,  lying  comparatively  free  in  the  cavity 
of  the  tympanum.  It  is,  however,  maintained  more  or  less  closely  in 
its  position  by  thin  ligamentous  bands  arising  from  the  bony  wall  of  the 
tympanic  cavity  and  inserted  into  its  head  and  neck,  and  by  the  tendon 
of  the  internal  muscle  of  the  malleus  or  “ tensor  tympani,”  which,  com- 
ing from  a direction  anterior  and  internal  to  the  bone,  is  inserted  into 
the  upper  extremity  of  its  handle.  The  action  of  this  muscle  is  to 
draw  the  handle  of  the  malleus  inward,  tightening  the  membrana  tym- 
pani, and  rotating  the  head  of  the  malleus  slightly  outward.  The  prin- 
cipal movement  of  the  malleus  is  therefore  a rocking,  to  and  fro  move- 
ment, about  a nearly  horizontal  axis  situated  at  the  junction  of  the 
handle  and  the  neck. 

The  head  of  the  malleus  is  articulated  with  the  body  of  the  incus  by 
a capsular  joint  with  double-inclined  surfaces.  As  Helmholtz  has  shown, 
the  surfaces  are  so  different  in  their  inclination,  one  being  very  steep, 
the  other  but  slightly  oblique,  that  when  the  handle  of  the  malleus  is 
drawn  inward,  the  two  articular  surfaces  lock  together,  and  the  incus 
follows  the  movement  of  the  malleus  ; but  when  the  latter  bone  is 
drawn  outward,  the  surfaces  may  glide  upon  each  other,  without  the 
incus  necessarily  moving  at  the  same  time. 

The  third  bone  of  the  middle  ear,  the  stapes,  has  in  its  form  the  most 
exact  resemblance  to  its  namesake,  an  ordinary  metallic  stirrup.  It  is 
articulated  by  its  angular  extremity  to  the  lower  end  of  the  long  arm 
of  the  incus  in  such  a manner  as  to  be  nearly  horizontal  in'  position,  its 


Fig.  2L0. 


Eight  Temporal  Bone  of  the  new-born  infant,  seen  from  Us  inner  side;  showing 
e internal  surface  of  the  membrana  tympani  and  the  chain  of  bones  in  their  natural  posi- 
tion. (Riidinger.) 

two  arms  being  placed,  one  anteriorly  the  other  posteriorly.  Its  oval 
base  corresponds  in  form,  and  nearly  in  size,  with  the  fenestra  ovalis 
ol  the  bony  labyrinth,  in  which  it  is  inserted;  being  adherent  by  its 
surface  and  its  edges  to  the  internal  periosteum  of  the  labyrinth. 
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The  stapes  accordingly  forms  a kind  of  movable  lid  or  piston-head 
occupying  the  orilice  of  the  fenestra  ovalis,  and  capable  of  transmitting 
directly  to  the  fluid  of  the  labyrinth  the  impulses  received  from  the 
membrana  tympani.  The  extent  ot  inward  and  outward  movement  oi 
the  base  or  footpiece  of  the  stapes  has  been  determined  by  Helmholtz 
in  the  following  manner.  The  cavity  of  the  tympanum  and  that  of  the 
vestibule  having  both  been  opened  from  above,  the  point  of  a line  sewing 
needle  was  inserted  into  the  fibrous  covering  ol  the  base  ot  the  stapes 


from  the  side  of  the  vestibule,  and  the  needle  allowed  to  rest,  near  the 
point  of  its  insertion,  upon  an  adjacent  edge  of  bone.  It  thus  formed  a 
kind  of  index-lever,  which  would  indicate  by  the  displacements  of  its 
long  arm,  very  slight  movements  of  the  stapes.  Ike  stapes  was  then 
pressed  inward  and  outward,  as  freely  as  its  attachments  would  allow, 
either  by  means  of  a needle  applied  to  the  bone  itself,  or  by  alternately 
condensing  and  rarefying  the  air  in  the  external  auditory  meatus ; the 
force,  in  the  latter  case,  being  transmitted  through  the  membrana  tym- 
pani and  chain  of  bones.  The  same  observer  estimated  these  movements 
according  to  another  plan,  by  opening  the  superior  semicircular  canal 
of  the  labyrinth,  and  inserting  into  it  a slender  glass  tube  of  known 
calibre,  a portion  of  which,  as  well  as  the  cavity  of  the  vestibule,  was 
filled  with  water.  Any  inward  pressure  upon  the  stapes  would  accord- 
ingly be  indicated  by  a corresponding  rise  of  the  level  of  water  in  the 
tube.  The  movement  of  the  stapes,  in  these  experiments,  varied,  accord- 
ing to  circumstances,  from  .025  to  .072  millimetre. 

'fhe  change  of  position  of  the  stapes  in  the  fenestra  ovalis,  due  to  the 
impulses  received  through  the  chain,  of  bones,  is  not  a simple  sliding 
movement  of  advance  and  recession,  but  a rocking  motion,  in  which  its 
upper  border  is  tilted  over  toward  the  cavity  of  the  vestibule  and  back 
a o-ain,  and  its  anterior  end  moves  more  freely  than  its  posterior.  This 
feature  of  the  action  of  the  stapes,  which  has  been  described  by  several 
observers,  is  shown  by  Helmholtz  to  depend  upon  the  varying  compact- 
ness of  its  fibrous  attachments ; these  attachments  being  closer  along 
its  inferior  border  and  at  its  posterior  end,  thus  allowing  more  freedom 
of  movement  above  and  in  front  than  below  and  behind. 

The  position  of  the  stapes  is  also  regulated  by  the  action  of  the 
stapedius  muscle.  This  muscle,  the  smallest  in  the  body,  arises  from  a 
bony  canal  behind  the  cavity  of  the  tympanum;  and  its  slender  tendon, 
after  entering  this  cavity,  passes  almost  directly  forward  and  is  inserted 
into  the  posterior  side  of  the  neck  of  the  stapes,  near  its  articulation 
with  the  incus.  Its  contraction  will,  therefore,  draw  the  angle  of  the 
stapes  backward  and  its  anterior  extremity  outward  from  the  fenestra 

Physiological  Action  of  the  Chain  of  Bones  and  the  Muscles  of  the 
Middle  Ear— The  cavity  of  the  tympanum  is  an  irregularly  shaped 
space  inside  the  membrana  tympani,  filled  with  air,  across  which  the 

vibrations  received  by  the  membrane  from  without  are j 

the  chain  of  bones.  In  their  natural  position  and  with  their  natural 
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tendinous  connections  undisturbed,  these  bones  are  held  in  such  close 
connection  with  each  other  that  they  vibrate  as  a single  solid  body. 

The  vibratory  movement  of  the  ossicles  of  the  ear  has  no  immediate 
dependence  upon  the  action  of  the  muscles  attached  to  them,  but  results 
from  the  shocks  received  by  the  tympanic  membrane.  The  influence  of 
the  muscles  is  to  increase  or  diminish  the  tension  of  this  membrane, 
and  thus  to  influence  the  mode  of  transmission  of  the  sound. 

The  action  of  the  internal  muscle  of  the  malleus,  or  tensor  tympani , 
is  beyond  doubt,  as  its  name  indicates,  to  increase  the  tension  of  the 
membrana  tympani.  It  has  long  been  known  that,  on  opening  the  canal 
in  which  this  muscle  is  lodged,  as  well  as  the  cavity  of  the  tympanum,  by 
drawing  upon  its  tendon  within  the  canal,  the  membrana  tympani  may 
be  manifestly  rendered  more  tense;  and  according  to  Helmholtz,  all  the 
ligaments  holding  the  ossicles  in  place  are  at  the  same  time  put  upon 
the  stretch. 

The  effect  produced  upon  the  act  of  hearing  by  increased  tension  of  the 
membrana  tympani  has  been  interpreted  in  a different  sense  by  different 
observers.  Savart,1 2  who  first  studied  systematically  the  vibrations 
induced  in  stretched  membranes  by  the  proximity  of  sounding  bodies, 
estimated  the  extent  of  these  vibrations  by  the  agitation  of  particles  of 
fine  sand  spinkled  on  the  surface  of  the  membranes ; and  he  found  the 
vibrations  more  difficult  of  production,  other  things  being  equal,  when 
the  tension  of  the  membrane  was  increased.  He  applied  the  same  mode 
of  experimentation  to  the  membrani  tympani  in  the  ear  of  man  and 
animals,  and  found  not  only  that  sand,  sprinkled  on  its  surface,  would 
be  thrown  into  agitation. by  holding  near  it  a sounding  body,  but  that 
also,  as  in  the  former  case,  these  appearances  were  less  easy  of  produc- 
tion when  the  membrane  was  rendered  more  tense  by  traction  upon  the 
tensor  tympani  muscle.  He  concluded  from  that,  that  during  life  the 
ear  is  more  susceptible  to  sounds  of  a given  intensity  when  the  mem- 
brana tympani  is  relaxed,  and  less  so  when  it  is  put  upon  the  stretch ; 
the  tensor  tympani,  accordingly,  exerting  a protective  action  by  lessen- 
ing the  apparent  intensity  of  very  loud  sounds. 

This  view  has  been  adopted  by  many  eminent  authors,  owing  in  great 
measure  to  the  valuable  experiments  of  Savart.  But  this  observer  was 
not  aware  of  an  important  fact  which  has  been  established  by  subse- 
quent investigations,  namely,  that  stretched  membranes,  like  cords,  can- 
not respond  indiscriminately  to  sounds  of  every  grade  of  tone,  but  only 
to  a certain  number  of  these  tones , which  are  separated  from  each  other 
by  definite  intervals  ;'1  and  they  will  respond  to  a different  set  of  tones 
only  after  their  tension  has  been  increased  or  diminished.  In  order, 
therefore,  that  a membrane  may  be  easily  thrown  into  induced  vibra- 
tion, its  tension  must  correspond  in  a certain  ratio  with  the  tone  of  the 
sound  produced. 

1 Journal  de  Physiologic.  Paris,  1825,  tome  iv.  p.  2f'5. 

2 Daguin,  Trait6  616mentaire  de  Physique.  Paris,  1867,  tome  i.  p.  596. 
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These  considerations  have  induced  a different  view  of  the  action  of 
the  tensor  tympani  in  modifying  the  sensations  of  sound.  With  the 
membrane  in  a state  of  moderate  tension,  a certain  proportion  of  tones 
only  are  distinctly  appreciated,  while  the  remainder  are  either  inaudible 
or  imperfectly  transmitted  to  the  internal  ear.  This  is  the  state  in 
which  sounds  generally  are  received  by  the  organ  of  hearing,  without 
exact  appreciation  of  their  relative  pitch.  But  when  the  ear  follows 
distinctly  successive  tones  of  varying  pitch,  or  when  it  listens  intently 
for  a particular  note,  the  tension  of  the  membrana  tympani  is  increased 
or  diminished  to  such  a degree  as  will  enable  the  vibration  to  be  trans- 
mitted with  the  most  complete  distinctness  by  the  chain  of  bones  to  the 
fluid  of  the  labyrinth.  With  regard  to  the  modifications  induced  in  the 
apparent  intensity  of  sound,  it  is  probable  that  Savart’s  explanation 
holds  good;  and  that  a diminished  tension  of  the  membrane  enables 
the  ear  to  catch  more  readily  sounds  which  are  laint  or  distant.  1 his 
partial  relaxation  is  accomplished  by  the  action  of  the  stapedius  muscle, 
which  is  animated  directly  by  a filament  of  the  facial  nerve;  while  the 
tensor  tympani  is  supplied  only  from  the  otic  ganglion  of  the  sympa- 
thetic. 

The  cavity  of  the  tympanum  is  not  hermetically  closed,  but  commu- 
nicates with  the  pharynx  by  means  of  the  Eustachian  tube.  The  exist- 
ence of  this  opening  secures  the  equality  of  atmospheric  pressure  within 
and  without  the  membrana  tympani,  a condition  which  is  essential  to  its 
proper  vibration  under  the  influence  of  sonorous  impulses.  The  ex- 
ternal barometric  pressure  varies  from  day  to  day,  and  even  for  dif- 
ferent periods  of  the  same  day ; and  if  the  -middle  ear  were  a closed 
cavity,  this  variation  would  of  itself  change  the  tension  of  the  mem- 
brana tympani,  independently  of  the  action  of  the  muscles.  Although 
the  mucous  surfaces  of  the  Eustachian  tube  are  habitually  in  contact 
with  each  other,  they  readily  yield  to  a preponderance  of  atmospheric 
pressure  in  either  direction,  and  thus  the  equilibrium  is  maintained 
between  the  air  inside  and  outside  the  cavity  of  the  tympanum. 

Labyrinth. — The  internal  ear,  or  labyrinth,  so  called  from  the  compli- 
cated extension  and  windings  of  its  various  cavities  and  passages,  is 
situated  in  the  petrous  portion  of  the  temporal  bone.  Its  external  wall 
consists  of  a thin  lamina  of  compact  osseous  tissue,  which  is  readily 
isolated  in  the  foetus  and  in  newly  born  infants,  owing  to  its  being  im- 
mediately surrounded  by  spongy  tissue ; while  in  the  adult  it  is  more  or 
less  completely  consolidated  with  the  adjacent  bony  parts.  It  may  be 
divided  physiologically  into:  1.  The  vestibule  and  semicircular  canals, 
which  constitute  its  most  essential  parts  and  are  present  in  all  verte- 
brate animals  ; and  2.  The  cochlea,  which,  in  man  and  the  mammalia,  is 
a more  highly  developed  portion,  of  complicated  structure,  but  which 
is  absent  in  the  fishes  and  naked  reptiles,  and  only  partially  developed 
in  the  scaly  reptiles  and  in  birds. 

The  vestibule  (Fig.  211,  i)  is  so  called  because  its  cavity  is  that  into 
which  the  fenestra  ovalis  immediately  opens,  and  from  which  those  of 
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the  semicircular  canals  and  cochlea 
diverge  in  various  directions.  It  is 
of  a more  or  less  ovoid  form,  and 
presents,  toward  the  cavity  of  the 
tympanum,  two  openings,  namely  : 

1.  The  fenestra  ovalis  ( 5 ),  corre- 
sponding in  form  to  the  base  of  the 
stapes,  which  nearly  fills  it,  and 
which  is  adherent  to  the  internal 
periosteum  of  the  labyrinth  stretch- 
ed across  the  opening ; and  2.  The 
fenestra  rotunda  ( 6 ) of  smaller  size 
and  closed  only  by  a fibrous  mem- 
brane. The  posterior  portion  of  the 
vestibule  gives  origin  to  the  three 
semicircular  canals,  which  commu- 
nicate with  its  cavity  at  each  extremity,  namely : 1.  The  superior  ver- 
tical canal  ( 2 ) the  plane  of  which  is  directed  across  the  longitudinal 
axis  of  the  petrous  bone.  2.  The  inferior  vertical  canal  ( 3 ) the  plane 
of  which  is  parallel  with  the  internal  surface  of  the  petrous  bone;  and 
3.  The  horizontal  canal  (4)  which  is  directed  across  the  axis  of  the 
petrous  bone,  but  lies,  as  its  name  indicates,  in  a horizontal  plane.  Each 
semicircular  canal  opens  into  the  vestibule  by  two  orifices,  one  at  each 
end  ; except  that  the  two  vertical  canals  unite  at  one  of  their  extremi- 
ties into  a branch  and  orifice  common  to  both.  Thus  there  are  five 
orifices  leading  from  the  vestibule  into  the  three  semicircular  canals ; 
and  each  canal  has  free  communication  at  each  end,  directly  or  indi- 
rectly with  the  interior  of  the  vestibule.  Each  canal  is  enlarged  at  one 
of  its  extremities  where  it  joins  the  vestibule,  into  a slightly  rounded 
dilatation. 

The  common  cavity  of  this  part  of  the  bony  labyrinth  contains  a 
limpid,  colorless  fluid,  the  perilymph,  and,  in  addition,  a closed  mem- 
branous sac,  also  filled  with  fluid,  which,  by  its  various  prolongations, 
presents  a repetition  of  the  form  of  the  vestibule  and  semicircular  canals. 
T his,  together  with  its  extension  in  the  cochlea  hereafter  to  be  described, 
constitutes  the  membranous  labyrinth.  It  forms  the  most  important 
part  of  the  internal  ear,  since  in  its  walls  the  filaments  of  the  auditory 
nerve  have  their  terminal  distribution. 

The  cavity  of  the  vestibule  contains  two  membranous  sacs,  lying  in 
contact  with  each  other,  but  separated  by  a transverse  partition.  One 
of  these,  the  smaller  of  the  two,  is  the  sacculus , a spherical  vesicle,  a 
little  over  1.5  millimetre  in  diameter,  occupying  the  anterior  and  inferior 
portion  of  the  vestibule,  and  communicating  by  a narrow  canal  with  the 
ductus  cochlearis  of  the  cochlea.  The  other,  or  larger  sac,  is  the  utricle , 
of  ellipsoid  form,  measuring  3.5  millimetres  in  its  long  diameter.  The 
utricle  and  the  three  membranous  semicircular  canals  communicate  with 
each  other  in  the  same  way  as  the  corresponding  bony  cavities  in  which 


Fig.  211. 


Bony  Labyrinth  of  this  Human 
Ear,  twice  the  natural  size. — 1.  Vestibule. 
2.  Superior  vertical  semicircular  canal.  3. 
Inferior  vertical  semicircular  canal.  4. 
Horizontal  semicircular  canal.  5.  Fenestra 
ovalis.  6.  Fenestra  rotunda.  7.  Cochlea. 
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they  are  lodged.  Each  membranous  semicircular  canal  presents  at  one 
of  its  extremities,  at  the  expanded  part  of  its  bouy  canal,  a similar 
rounded  dilatation,  known  as  the  “ ampulla.” 

The  membranous  sacs  and  semicircular  canals  are  considerably 
smaller  than  the  osseous  cavities  which  contain  them,  and  occupy 
nearly  everywhere  an  eccentric  position  ; being,  at  certain  points,  in 
contact  with  and  adherent  to  the  internal  periosteum,  while  at  otheis 
they  are  surrounded  by  the  perilymph.  The  sacculus  and  utricle 
together  occupy  about  two-thirds  ol  the  cavity  of  the  vestibule;  and, 
according  to  Riidinger,  are  so  placed  that  neither  of  them  touches  the 
base  of  the  stapes  at  the  fenestra  ovalis,  but  are  separated  from  it  by 
an  appreciable  layer  of  fluid.  Thus  the  sonorous  impulses  which  reach 
the  membranous  labyrinth  come  to  it,  not  directly  from  the  stapes,  but 
through  the  intermediate  vibration  of  the  perilymph. 

The  sacculus  and  the  utricle  are  adherent  to  the  internal  periosteum 
of  the  vestibule  at  the  points  of  entrance  of  their  corresponding  branches 
of  the  auditory  nerve.  The  ampullae  of  the  semicircular  canals  fill 
almost  completely  the  bony  cavities  in  which  they  rest,  their  outer 
surface  lying  for  the  most  part  in  contact  with  the  periosteum.  On 
the  other  hand,  the  membranous  semicircular  canals  are  very  much 
smaller  in  calibre  than  the  osseous  excavations  which  contain  them, 
and  lie  in  contact  with  the  periosteum  only  along  the  inner  or  smaller 
curvature  of  the  bony  canals;  so  that  they  are  surrounded  externally 
by  a comparatively  large  quantity  of  perilymph.  They  are,  however, 
attached  and  held  in  place,  as  shown  by  Riidinger,  by  slender,  scattered, 
fibrous  bands  and  partitions,  which  traverse  at  various  points  the  peri- 
lymphic  space. 

The  main  point  of  interest  in  regard  to  the  membranous  labyrinth 
relates  to  the  mode  of  distribution  and  termination  of  the  auditory 
nerve. 

The  auditory  nerve  sends  to  the  vestibule  two  branches ; one  of 
which  is  distributed  to  the  sacculus,  the  other  to  the  utricle  and 
ampulla}.  The  mode  of  termination  of  the  nerve  fibres  in  both  these 
divisions  is  essentially  the  same.  They  are  not  distributed  generally 
over  the  membrane,  but  terminate  only  in  particular  well-defined  spots, 
characterized  by  a thickening  or  prominence  of  the  membranous  wall, 
and  by  the  presence  of  a peculiar  form  of  epithelium  provided  with  stiff, 
pointed  cilia,  the  so-called  auditory  hairs. 

In  the  sacculus  and  in  the  utricle,  the  terminal  nerve  spot,  or  “ macula 
auditiva,”  is  in  the  form  of  an  oval  plate,  or  lamina,  3 millimetres  b}r 
1.5  in  the  sacculus,  and  3 millimetres  by  2 in  the  utricle.  In  the  am- 
pullae, it  forms  a transverse  ridge  or  fold  of  the  membranous  wall,  pi  o- 
jecting  inward  after  the  manner  of  the  valvula*  conniventes  of  the  small 
intestine,  but  occupying  only  about  one-third  of  the  circumference  ol 
the  ampulla.  Elsewhere,  the  membranous  sacs  of  the  labyrinth  are 
lined,  according  to  Kolliker,  by  a single  layer  of  pavement  epithelium 
cells.  But  at  the  spots  in  question  the  epithelium  is  twice  or  three 
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times  as  thick  as  in  the  remaining  portions,  and  consists  of  elongated 
cells  of  two  different  forms,  namely,  cylindrical  and  fusiform.  It  also 
presents,  standing  upright  upon  its  free  surface,  the  pointed  cilia  above 
mentioned,  or  auditory  hairs,  which  in  man  are  about  25  mmm.  in 
length.  The  terminal  nerve  fibres  of  the  auditory  nerve,  which  pass 
up  toward  these  thickened  spots  of  epithelium,  may  be  traced,  accord- 
ing to  the  testimony  of  all  recent  observers,  into  the  epithelial  layer 
itself;  and  cei'tain  appearances  give  rise  to  the  supposition  that  the 
ultimate  axis-cylinder  of  each  nerve  fibre  is  prolonged  through  the  sub- 
stance of  a fusiform  epithelium  cell,  and  finally  becomes  the  cilium  or 
auditory  hair  projecting  from  its  free  extremity.  These  appearances 
are,  1st,  the  similarity  in  size  and  aspect  between  the  axis-cylinder  of 
the  nerve  fibres  and  the  slender  downward  prolongations  of  the  fusiform 
cells ; and,  2d,  the  fact  that  both  these  structures  become  stained  more 
or  less  deeply  of  a blackish  or  brown  color  by  the  action  of  osmic  acid 
(Riidinger).  Whatever  the  precise  relations  of  the  terminal  nerve 
fibres  to  the  other  elements  of  the  epithelial  layer  may  be,  there  is  no 
doubt  that  the  projecting  cilia  act  either  mechanically,  or  by  virtue  of 
a real  nervous  sensibility  belonging  to  them,  and  are  the  immediate 
recipients  of  the  sonorous  vibrations  communicated  by  the  surrounding 
fluid. 

A remarkable  secondary  feature  connected  with  the  auditory  spots  of 
the  sacculus  and  utricle  is  the  existence,  at  each,  of  a deposit  of  minute 
solid  calcareous  grains,  the  so-called  otoconia , or  ear  sand.  These  grains 
are  embedded  in  a homogenous  gelatinous  material,  and  form  a white 
chalky -looking  layer  immediately  over  the  auditory  spot,  by  which  the 
situation  of  this  spot  is  easily  recognized.  The  grains  are  composed 
almost  exclusively  of  lime  carbonate.  They  are  rounded,  elongated, 
or  distinctly  prismatic  and  crystalline  in  form  ; the  largest  measuring, 
according  to  Kolliker,  about  10  mmm.  in  length.  The  exact  office  per- 
formed b}7  these  calcareous  deposits  is  unknown,  but  it  is  evident  irom 
their  constant  existence  in  the  same  situation  in  different  animals,  that 
they  have  some  important  relation  to  the  sense  of  hearing.  In  mam- 
malians and  birds  they  are  pulverulent,  as  in  man.  In  reptiles  and  fish 
they  assume  the  form,  sometimes,  of  friable  chalky  concretions,  some- 
times of  rounded  masses  of  considerable  size,  hard  and  dense  as  por- 
celain. According  to  Wagner,  they  are  completely  absent  only  in  the 
cyclostomi,  or  lowest  order  of  true  fishes,  including  the  lamprey  and 
the  hag. 

Physiological  Action  of  the  Membranous  Labyrinth. — The  sacculus 
and  utricle,  contained  in  the  cavity  of  the  vestibule,  are  membranous 
formations,  to  which  the  fibres  of  the  auditory  nerve  are  distributed,  and 
in  which  they  terminate.  These  membranous  expansions  are  supported 
by  the  contact  of  fluid  on  each  side,  and  are  held  in  place  by  the  partial 
fibrous  attachments  which  connect  them  with  the  wall  of  the  vestibule. 
They  are  the  structures  upon  which  the  impressions  of  sound  are  finally 
received,  and  correspond,  in  this  respect,  to  the  retina  iu  the  organ  ot 
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vision.  The  sonorous  impulses,  first  communicated  by  the  atmosphere 
to  the  membrana  tympani,  are  thence  transmitted  through  the  bony 
tissue  of  the  malleus,  incus,  and  stapes.  From  the  base  of  the  stapes 
they  pass  to  the  perilymph  of  the  vestibular  cavity  ; from  that,  through 
the  floating  wall  of  the  membranous  sac,  to  the  endolymph  or  the  fluid 
contained  in  its  interior  ; and  it  is  the  vibration  of  this  internal  fluid 
which  finally  acts  upon  the  sensitive  nervous  terminations  in  the  audi- 
tory spot.  It  is  thus  through  a series  of  intermediate  vibrations,  that 
sounds  coming  from  the  exterior  produce  their  impression  upon  the 
internal  ear. 

Office  of  the  Semicircular  Canals.— These  singular  appendages  of 
the  bony  and  membranous  labyrinth  have  attracted  attention,  especially 
on  account  of  the  constancy  of  their  occurrence  and  the  peculiarity  of 
their  position.  The  principal  features  ol  their  anatomical  histoiy  are 
the  following  : 

1.  They  are  universally  present,  as  portions  of  the  internal  ear,  in 
mammalians,  birds,  and  reptiles,  and  nearly  always  in  fish  ; being  entirely 
absent  only  in  amphioxus,  where  there  is  no  organ  of  hearing  whatever. 

2.  They  are  always  three  in  number.  The  only  exception  to  this  rule 
is  found  among  fishes,  in  the  lamprey  and  the  hag ; where  the  entire  struc- 
tural development,  especially  in  the  organs  of  sense,  is  very  incomplete.' 
In  the  lamprey  there  are  two,  and  in  the  hag  one  only,  the  cavity  ot 
which  is  confounded  with  that  of  the  utricle ; the  whole  forming  a mem- 
branous canal  bent  upon  itself  like  a ring. 

3.  The  three  canals  stand  in  three  different  planes,  which  are  all  per- 
pendicular to  each  other.  Thus  one  is  vertical  and  longitudinal,  in 
respect  to  the  axis  of  the  petrous  bone  ; another  vertical  and  transverse; 
and  the  third  transverse  and  horizontal.  They  represent  accordingly, 
by  their  position,  the  three  dimensions  of  space;  and  from  this  circum- 
stance the  idea  was  early  suggested  that  they  might  serve  in  some  way 
to  indicate  the  direction  in  which  sounds  arrive  from  the  exterior. 
But  subsequent  researches  have  yielded  nothing  to  corroborate  this 
assumption  ; and  it  is  evident,  furthermore,  that,  from  whatever  quarter 
sonorous  impulses  originally  come,  they  must  traverse  the  membrana 
tympani  and  chain  of  bones,  and  finally  reach  the  internal  ear  by  the 
same  course.  This  view  of  the  office  of  the  semicircular  canals  is 

therefore  no  longer  entertained.  . 

Lastly,  an  essential  point  in  their  anatomical  structure  is  that  they 
are  destitute  of  nerve  fibres,  and  consequently  are  wanting  in  sensi- 
bility The  only  nervous  distribution  connected  with  them  is  that  to 
the  ampullae  situated  at  one  of  their  extremities,  but  no  nerve  fibres 
extend  to  the  semicircular  canals  themselves.  The  function  which  they 
perform  must  therefore  in  all  probability  be  one  of  a mechanical  or 

physical  kind. 


' Owen,  Anatomy  of  the  Vertebrates.  London,  1868,  vol.  ill.  p.  22^  Wagner, 
Comparative  Anatomy  of  the  Vertebrate  Animals,  Tulk’s  translation,  hew  1 oi  *, 

1845,  p.  227. 
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In  experimenting  upon  the  internal  ear  in  the  lower  animals,  it  has 
been  remarked  that  division  or  injury  of  the  semicircular  canals  is  fol- 
lowed by  a singular  alteration  in  the  position  and  movements  of  the 
animal,  indicating  a disturbance  of  equilibrium.  These  phenomena  were 
first  made  known  by  Flourens  in  1825, 1 and  have  been  corroborated  by 
many  subsequent  observations,  the  most  recent  being  those  of  Cyon, 
Curschman,  Boettcher,  and  Berthold,  in  1814.  The  results  met  with  are 
not  explained  in  the  same  way  by  all  experimenters,  but  there  is  little 
discrepancy  in  regard  to  the  phenomena  actually  presented.  The  opera- 
tion of  exposing  the  semicircular  canals  during  life  is  impracticable,  as 
a general  rule,  in  the  mammalia,  owing  to  the  density  of  the  petrous 
bone  in  which  they  are  imbedded  ; but  it  can  be  done  without  much 
difficulty  in  birds,  where  they  are  surrounded  only  by  a loose  and 
spongy  osseous  tissue.  The  pigeon  is  the  species  which  has  been  most 
frequently  used  for  this  purpose. 

The  most  striking  and  constant  effect  produced  by  injury  of  the  semi- 
circular canals  consists  of  abnormal  oscillatory  movements  of  the  head, 
together  with  an  imperfect  balancing  of  the  whole  body  These  phe- 
nomena vary  according  to  the  particular  canal  which  has  been  divided. 
If  a vertical  canal  be  the  one  injured,  the  oscillation  of  the  head  is  up- 
ward and  downward;  if  it  be  a horizontal  canal,  the  oscillations  are 
lateral,  from  left  to  right,  and  vice  versa.  If  the  two  corresponding 
canals  on  both  sides  be  divided,  the  abnormal  movements  are  much 
more  rapid  and  continuous  than  if  the  injury  be  inflicted  on  one  alone. 
The  animal  is  still  capable  of  preserving  the  equilibrium  of  the  body,  so 
long  as  he  remains  at  rest ; but  any  attempt  at  movement  brings  on  a 
disorder  of  muscular  action  which  makes  walking,  running,  or  flj-ing 
difficult  or  impossible.  The  most  simple  interpretation  of  these  results 
is  that  the  animal  can  no  longer  appreciate  the  direction  or  extent  of 
the  changes  in  position  of  the  head,  and  that  the  sense  of  equilibrium 
is  consequently  impaired  for  movements  of  the  body  and  limbs. 

The  manner  in  which  the  semicircular  canals,  in  their  natural  condi- 
tion, may  be  regarded  as  contributing  to  the  sense  of  equilibrium,  is  as 
follows : If  a glass  goblet,  filled  with  water,  be  turned  round  its  vertical 
axis,  it  will  be  seen  that  the  water  does  not  readily  turn  with  it;  and 
any  small  objects  suspended  in  it,  or  floating  upon  its  surface,  will 
remain  in  nearly  the  same  position,  while  the  goblet  revolves  through 
an  entire  circle.  The  adhesion  of  the  fluid  to  the  sides  of  the  glass 
vessel  is  not  sufficient  to  communicate  to  it  at  once  the  circular  motion 
of  the  parts  with  which  it  is  in  contact.  Consequently  the  water  lags 
behind  the  glass;  and  if  any  flat  object  were  cemented  perpendicularly 
to  the  inside  of  the  goblet,  so  as  to  turn  with  it,  it  would  be  subjected 
to  a backward  pressure  from  the  water,  whenever  the  goblet  were  put 
in  rotation. 

1 Eecherches  Exp6rimentalcs  sur  les  Propri6t6s  et  les  Fonctions  du  Systfetne 
Nerveux,  2me  Edition.  Paris,  1842,  pp.  452,  454. 
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Somewhat  similar  conditions  are  present  in  the  semicircular  canals. 
Whenever  the  head  is  rotated  from  side  to  side  in  a horizontal  plane,  a 
momentary  increase  of  pressure  must  take  place  in  the  fluid  ol  the 
horizontal  semicircular  canal  (Fig.  211,  ■*),  either  toward  or  from  the 
ampulla  at  one  end;  and  this  increase  or  diminution  of  pressure  may  be 
preceptible  by  the  nervous  expansions  which  are  situated  there.  11  the 
head  be  moved  upward  or  downward,  a similar  variation  of  pressure 
will  take  place  in  the  inferior  vertical  canal  (Fig.  211,  a);  and  if  it  be 
inclined  laterally,  toward  the  right  or  left  shoulder,  the  superior  vertical 
canal  (Fig.  211,  a),  will  experience  a variation  of  the  same  kind.  Thus, 
although  the  membranous  semicircular  canals  be  not  themselves  sensi- 
tive to° pressure,  they  may  serve  as  channels  for  conducting  an  impulse 
to  the  sensitive  organs  in  their  ampullae.  Even  the  peculiar  configura- 
tion of  the  nervous  expansions  in  the  ampullae  seems  especially  adapted 
for  this  purpose;  since  they  are  arranged  in  the  form  of  transverse 
crescentic  folds,  while  in  the  sacculus  and  utricle  they  are  simply  flat- 
tened prominences  on  the  inner  surface  of  these  cavities. 

If  the  question  be  asked,  why  an  apparatus  for  appreciating  changes 
of  equilibrium  should  be  especially  associated  with  the  organ  of  hearing, 
it  may  be  remarked  that  in  the  auditory  labyrinth  alone  theie  is  to  be 
found  a terminal  distribution  of  sensitive  nerve  fibres  in  an  epithelium 
provided  with  hair  cells,  and  surrounded  by  a fluid  of  watery  consis- 
tency ; all  of  which  conditions  are  suitable  for  the  perception  both  of 
sonorous  vibrations  and  of  the  variation  in  pressure  due  to  changes  of 
position. 

Cochlea. The  cochlea,  named  from  its  external  resemblance  to  a 

snail-shell,  is  a bony  canal  rolled  spirally  about  a central  axis,  and 


Fig.  212. 


Y Ooohlea  of  the  Human  Eab,  right  Bide  : opened  from  its  anterior  face. 

^nruveilhier.) 


makinor  between  two  and  three  turns  upon  itself.  Owing  to  the  gradual 
rise  of  the  turns,  it  has  a slightly  conoidal  form,  the  extremity  of  which 
or  cupola,  is  directed  forward,  downward,  and  outward,  d he  canal  o 
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the  cochlea  is  divided  longitudinally  into  two  parts  by  a thin,  bony  par- 
tition, the  spiral  lamina , which  winds  round  its  bony  axis,  following 
its  spiral  turns,  but  limited  externally  by  a free  border. 

From  the  free  border  of  the  bony  spiral  lamina  a fibrous  membrane, 
the  membrana  basil aris,  extends  outwardly  quite  to  the  external  wall 
of  the  cavit3%  to  which  it  is  attached.  The  common  canal  of  the  cochlea 
is  thus  divided  into  two  parallel  passages  or  stairway's,  one  above  the 
other.  The  superior  of  these  passages  communicates  freely  at  its  base 
with  the  cavity  of  the  vestibule,  and  is  the  scala  veslibuli.  The  inferior 
reaches  to  the  fenestra  rotunda,  and  is  terminated  by  the  membrane 
stretched  across  this  opening,  which  alone  divides  its  cavity  from  that 
of  the  tympanum;  it  is  accordingly  known  as  the  scala  tympani.  Both 
these  canals  extend,  in  their  spiral  course,  to  the  summit  or  cupola  of 
the  cochlea.  At  this  point  a minute  orifice  of  communication  between 
the  two  has  been  described  by  some  writers,  and  doubted  by  others. 
According  to  the  observations  of  Buck,'  it  is  probable  that  no  such 
opening  exists  in  the  natural  condition  of  the  parts,  unless  it  lie  micro- 
scopic in  size.  But  whether  the  two  canals  communicate  or  not,  at  the 
summit  of  the  cochlea,  the  partition  between  them,  throughout  their 
parallel  course,  is  partly  membranous;  and  by  this  means  an  increase 
or  diminution  of  pressure  upon  the  fluid  of  the  vestibule  at  the  fenestra 
ovalis  will  be  at  once  transmitted,  through  that  of  the  scala  vestibuli 
and  the  scala  tympani,  to  the  membrane  of  the  fenestra  rotunda.  Not- 
withstanding, therefore,  the  incompressible  character  of  the  fluid  of  the 
labyrinth,  provision  is  made,  to  a certain  extent,  for  the  movement  of 
the  stapes,  according  to  the  contraction  or  relaxation  of  the  muscles  ot 
the  middle  ear. 

But  the  septum  above  described,  formed  by  the  spiral  lamina  and  the 
membrana  basilaris,  is  not  the  only  longitudinal  partition  in  the  cavity 
of  the  cochlea.  The  scala  vestibuli  is  also  divided  into  two  parallel 
canals,  an  internal  and  an  external,  by  a thin  membranous  sheet  which 
starts  from  the  upper  surface  of  the  spiral  lamina  near  its  outer  border, 
and  extends  upward  and  outward  to  reach  the  external  wall  of  the  coch- 
lear cavity.  As  this  membrane  leaves  the  plane  of  the  spiral  lamina 
and  membrana  basilaris  at  an  angle  of  about  45  or  50  degrees,  it  shuts 
off  from  the  scala  vestibuli  a separate  canal  of  prismatic  form,  having 
for  its  floor  the  membrana  basilaris,  for  its  outer  wall  the  wall  of  the 
cochlea,  and  for  its  upper  boundary  the  oblique  membranous  partition 
between  it  and  the  scala  vestibuli.  This  canal  contains  the  auditory 
epithelium  cells  and  the  termination  of  the  fibres  of  the  auditory  nerve. 
It  is  therefore  the  essential  part  of  the  cochlea,  and  is  termed  accord- 
ingly the  ductus  cochlearis. 

The  ductus  cochlearis  terminates  at  the  summit  of  the  cochlea  by  a 

1 On  the  Mechanism  of  Hearing,  Prize  Essay  of  the  Alumni  Association  of  the 
College  of  Physicians  and  Surgeons,  New  York.  Published  in  the  New  York 
Medical  Journal,  March,  1874. 
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blind  extremity ; but  at  its  base  it  communicates,  by  a narrow  channel, 
with  the  cavity  of  the  sacculus.  It  is  consequently  an  extension  of  tlie 
sacculus,  and  a part  of  the  membranous  labyrinth  ; while  the  scala  ves- 
tibuli  is  only  an  extension  of  the  general  cavity  of  the  vestibule.  The 
ductus  cochlearis  may  be  considered  as  a tubular  prolongation  of  the 
sacculus,  rolled  upon  itself  in  a spiral  form,  and  maintained  in  position 
by  the  bony  and  membranous  partitions  of  the  cochlea  by  which  it  is 
enveloped.  Like  the  rest  of  the  membranous  labyrinth,  it  is  filled  with 
a watery  fluid,  and  is  bathed  externally  on  both  sides  by  the  perilymph, 
except  where  it  is  adherent  to  the  walls  of  its  bony  cavity. 

Organ  of  Corti The  inner  surface  of  the  ductus  cochlearis  is  lined 

for  the  most  part  with  a thin  layer  of  pavement  epithelium,  except  along 
a longitudinal  line  situated  at  about  the  middle  of  the  membrana  basi- 
laris.  Here  there  is  a continuous  elevated  ridge,  four  or  five  times 
thicker  than  the  epithelium  elsewhere,  following  a spiral  course,  like 
the  rest  of  the  cochlear  structures,  and  consisting  of  enlarged  and  modi- 
fied epithelium  cells,  with  the  terminal  fibres  of  the  auditory  nerve. 
This  body  is  termed  the  organ  of  Corti , from  the  name  of  the  observer 
who  first  described  it  in  1851.'  It  is  justly  considered  as  the  most 
remarkable  and  complicated  structure  in  the  internal  ear,  although  in 
its  essential  features  it  is  analogous  to  the  auditory  spots  in  the  sac- 
culus and  utricle. 


Fig.  213. 


Diagrammatic  Suction  or  thb  Organ  or  Oorti,  in  profile;  from  the  descrip- 
tions of  various  authorities.-l.  Membrana  basilaris.  2, 3.  Internal  and  external  fibres  of  the 
arch.  4.  Epithelium  cells  near  its  inner  and  outer  borders.  6,  6,  5,  5 Hair  cells  lying  in  con- 
tact with  the  arch.  Magnified  500  diameters. 


The  organ  of  Corti  rests  upon  the  upper  surface  of  the  membrana 
basilaris.  Its  framework  consists  of  a series  of  elongated,  rafter-1  ike 
bodies,  arranged  in  two  rows,  internal  and  external.  These  bodies, 
the  internal  and  external  “fibres  of  Corti,”  are  separated  from  each  othei 
at  their  base,  where  they  rest  upon  the  membrana  basilaris,  by  a consid- 
erable interval ; but  they  lean  toward  each  other  and  lie  in  contact  by 
their  upper  extremities  or  heads,  thus  forming  a roof-like  or  arched  con- 
nection, the  “ arch  of  Corti.”  Near  the  situation  of  the  arch  of  Corti,  the 
epithelium  cells  lining  the  ductus  cochlearis  become  modified  in  form, 
gradually  increasing  in  size  and  length.  At  the  inner  border  of  the 
arch  there  is  a single  row  of  epithelium  cells  which  are  nearly  as  long 


Zeitschrift  fUr  Wissenschaftliche  Zoologic.  Leipzig,  1851,  Band  III.  p.  109. 
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as  the  internal  fibres  of  Corti,  and  which  lie  immediately  next  to  them 
in  a similar  leaning  position.  The  upper  extremity  of  each  of  these 
cells  bears  a tuft  of  rigid  hairs  or  cilia,  which  are  analogous  to  those  of 
the  hair  cells  of  the  sacculus  and  utricle.  On  the  outside  of  the  arch 
there  are  three  such  rows  of  hair  cells,  and  in  every  instance  the  tufts  of 
cilia  project  through  openings  in  a sort  of  fenestrated  cuticle  which  lies 
above  the  cells,  and  extends  over  them,  inward  and  outward,  from  the 
heads  of  the  two  bodies  forming  the  arch  of  Corti. 

The  terminal  fibres  of  the  cochlear  branch  of  the  auditory  nerve  are 
distributed  to  the  organ  of  Corti.  The  bundles  of  nerve  fibres  forming 
this  branch  penetrate  the  cochlea  at  the  base  of  its  central  axis,  and 
pass  from  below  upward  through  its  interior,  diverging  successively 
from  within  outward,  to  continue  their  course  in  a horizontal  direction 
between  the  two  layers  of  the  spiral  lamina.  At  the  level  of  the  at- 
tached border  of  the  spiral  lamina  there  is  situated,  within  the  cavity 
of  the  osseous  canal,  a linear  collection  of  bipolar  nerve  cells,  in  and 
among  which  the  nerve-fibres  pass,  and  with  many,  if  not  all,  of  which 
the  nerve  fibres  are  directly  connected.  This  forms  the  “ spiral  gan- 
glion” of  the  cochlear  nerve.  After  the  bundles  of  nerve  fibres  have 
passed  through  the  ganglion,  and  while  they  are  contained  in  the  thick- 
ness of  the  spiral  lamina,  they  form,  by  repeated  subdivision  and  re- 
union, a complicated  plexus,  the  filaments  of  which  continue  however 
to  follow  a general  diverging  course  toward  the  outer  border  of  the  spi- 
ral lamina  and  the  attached  edge  of  the  membrana  basilaris.  Arrived 
at  this  point,  the  nerve  fibres  diminish  in  diameter  and  lose  their  me- 
dullary layer  ; and,  in  this  form,  penetrate  into  the  ductus  coehlearis, 
where  they  continue  to  radiate  toward  the  organ  of  Corti.  It  is  at  this 
situation  that  the  final  termination  of  the  slender  and  pale  nerve  fibres 
in  the  substance  of  the  epithelial  hair  cells  has  been  most  positively  de- 
scribed and  figured  by  Waldeyer.1  There  can  be  no  doubt  that  this 
structure  represents,  in  the  ductus  coehlearis,  the  especial  organ  of  au- 
ditory sensibility. 

Physiological  Action  of  the  Cochlea. — The  cochlea  is  undoubtedly  that 
part  of  the  internal  ear,  which,  as  compared  with  the  remainder,  serves 
for  the  more  precise  discrimination  of  minute  variations  in  sound.  Its 
elongated  and  spiral  form,  the  two  membranes  of  uniform  tension  which 
inclose  the  ductus  coehlearis  above  and  below,  and  the  remarkable  com- 
plication of  structure,  with  the  multiple  rows  of  hair  cells  belonging  to 
the  organ  of  Corti,  all  indicate  that  it  is  adapted  for  the  distinct  percep- 
tion of  particular  sonorous  impulses.  The  analogy  of  its  construction 
in  some  respects  with  the  mechanism  of  a musical  stringed  instrument, 
the  fibres  of  the  membrana  basilaris  representing  its  vibrating  strings, 
has  induced  the  belief,  in  the  minds  of  many  eminent  physiologists,  that 
it  is  the  organ  by  which  we  appreciate  the  difference  in  tone  or  pitch 
between  different  sounds.  According  to  this  view,  the  radiating  fibres 

1 In  Strieker’s  Manual  of  Histology,  Buck’s  edition.  New  York,  1872,  p.  1040. 
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in  successive  portions  of  the  membrana  basilaris  are  attuned,  by  their 
length  or  tension,  to  vibrate  in  response  to  different  notes  of  the  musical 
scale  ; and  the  vibration  of  eacli  set,  when  excited,  is  communicated 
to  the  corresponding  hair  cells  of  the  organ  of  Corti,  and  thus  reaches 
the  auditory  nerve  fibres  terminating  in  their  substance.  Thus  for  every 
note  sounded  in  the  atmosphere  which  gains  admission  to  the  internal 
ear,  only  certain  fibres  and  hair  cells  of  the  ductus  coclilearis  will  be 
thrown  into  vibration,  and  only  certain  terminal  fibres  of  the  cochlear 
nerve  will  receive  a sonorous  impression.  Some  writers  have  even  found 
in  certain  parts  of  the  organ  of  Corti,  an  apparatus  for  damping  the 
vibration  of  the  fibres  after  the  cessation  of  the  sound,  and  thus  prevent- 
ing the  confused  intermingling  of  separate  impressions.  T here  is  cer- 
tainly a suggestive  appearance  of  similarity  between  the  long  row  of 
fibrous  and  cellular  elements  in  the  organ  of  Corti,  with  their  various 
appendages,  and  the  ranges  of  strings,  capable  of  vibrating  to  different 
notes,  in  a harp  or  piano  forte;  and  the  similarity  is  sufficient  to  suggest 
a certain  correspondence  of  mechanical  and  physiological  action  between 
the  two. 

But  the  main  difficulty  in  attributing  to  the  cochlea,  as  its  function, 
the  discrimination  of  musical  notes,  lies  in  the  fact  that  its  development 
in  different  animals  does  not  correspond  with  their  capacity  for  the  pro- 
duction and  perception  of  musical  sounds.  The  cochlea,  under  the  foim 
which  it  presents  in  man,  is  confined  to  the  mammalia.  In  birds  this 
part  of  the  auditory  apparatus  has  not  the  form  of  a coiled  spiral,  but 
is  an  obtusely  conical  eminence,'  containing  two  small  cartilaginous 
cylinders  united  by  a membrane  which  represents  the  membrana  basi- 
laris ; and  the  part  corresponding  to  the  organ  of  Corti  contains  only 
nerve  terminations  and  hair  cells  somewhat  resembling  those  of  the 
inner  row  in  mammalia ; the  arch  of  Corti,  and  the  three  outer  rows  of 
hair  cells,  with  their  cuticular  covering,  being  absent.  In  serpents  and 
lizards,  the  cochlea  is  similar  to  that  of  birds ; while  in  the  naked  rep- 
tiles and  in  fishes  it  is  completely  undeveloped. 

Thus,  in  all  the  mammalia,  the  cochlea  is  an  important  part  of  tbe 
internal  ear,  apparently  but  little,  if  at  all,  inferior  to  the  same  organ  in 
man.  But  in  the  singing  birds  it  is  comparatively  a rudimentary  stiuc- 
ture.  Some  of  these  birds  may  be  taught  artificially  to  repeat  par- 
ticular melodies,  showing  conclusively  that  their  capacity  of  percep- 
tion for  musical  notes  is  equal  to  their  power  of  producing  them  by  t ie 
vocal  organs.  And  *et  that  part  of  the  auditory  apparatus  which 
should  be  most  highly  developed  in  these  animals,  according  to  the  view 
in  question,  is  in  reality  the  least  so.  If  we  compare,  for  example,  a 
horse  or  a pig  with  a thrush  or  a mocking-bird,  it  is  evident  that  the 
grade  of  musical  sensibility  in  these  animals  is  in  no  relation  with  ti 

• Owen,  Anatomy  of  the  Vertebrates.  London  1866,  voh  ii.  p. A34  W*gne* 
Comparative  Anatomy  of  the  Vertebrate  Animals k Tulk s I ra"8^  Bdition. 
York,  1846,  p.  96.  Waldeyer,  in  btrickers  Manual  o gy> 

New  York,  1872,  p.  1046. 
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development  of  the  cochlea.  In  fact,  the  cochlea  of  a singing  bird 
resembles  that  of  a crocodile  or  a serpent  more  closely  than  that  of  a 
quadruped  or  a man.  At  the  same  time,  the  other  parts  of  the  internal 
and  middle  ear  in  birds,  the  double  sac  of  the  vestibular  cavity,  the 
membranous  semicircular  canals  and  ampullae,  the  fenestra  ovalis  and 
rotunda,  the  chain  of  bones  and  the  membrana  tympani,  are  all  highly 
developed;  some  ol  them  nearly  or  quite  as  much  so  as  in  the  mamma- 
lian class.  These  facts  throw  a certain  degree  of  doubt  upon  the  special 
office  of  the  cochlea  in  the  perception  of  auditory  sensations. 

Persistence  of  Auditory  Impressions  and  the  Production  of  Musical 
Notes. — The  sensation  excited  by  a sonorous  vibration  continues  for  a 
short  time  after  the  cessation  of  its  cause.  Usually  the  interval  be- 
tween successive  impulses  is  more  than  sufficient  to  allow  the  continued 
impression  to  disappear,  and  the  ear  distinguishes  without  difficulty  the 
succession  of  sounds.  But  if  the  impulses  follow  each  other  at  equal 
intervals,  and  with  a certain  degree  of  rapidity,  they  produce  upon  the 
ear  the  impression  of  a continuous  sound,  and  this  sound  has  a higher 
or  lower  pitch  according  to  the  rapidity  with  which  the  vibrations  are 
repeated.  The  numerical  relation  of  different  musical  notes  thus  pro- 
duced has  been  studied  by  means  of  various  instruments.  One  of  these 
is  the  siren  of  Savart,  in  which  successive  puffs  of  air  are  emitted  from 
the  body  of  the  machine  through  small  openings,  with  a degree  of 
rapidity  which  can  be  varied  at  will  and  registered  by  an  index  attached 
to  the  moving  parts.  Another  method  is  that  in  which  the  shocks  are 
given  by  the  points  of  a toothed  wheel  turning  with  known  velocity, 
and  striking,  in  their  passage,  against  the  projecting  edge  of  a card, 
in  another  modification  of  the  same  plan,  the  revolving  wheel  carries 
one  or  more  projecting  rods,  which  pass,  in  succession,  through  a cor- 
responding slit  in  a stiff  board  ; making  at  each  transit  an  atmospheric 
concussion,  owing  to  the  instantaneous  displacement  and  rebound  of 
the  air  at  the  opening.  Finally,  the  number  of  vibrations  correspond- 
ing to  a particular  note  may  be  registered  by  attaching  to  the  extremity 
of  a diapason,  or  tuning-fork,  a light  stilet  which  traces  upon  the 
blackened  surface  of  a cylinder,  revolving  at  a known  rate,  an  undu- 
lating line  (Fig.  146,  a);  the  number  of  undulations  within  a given 
space  indicating  the  frequency  of  the  vibrations  of  the  tuning-fork.  A 
simple  vibration  represents  the  single  oscillation  of  a solid  body,  or  the 
particles  of  a fluid,  in  one  direction ; a double  vibration  is  the  complete 
to-and-fro  movement  of  a particle,  which  brings  it  back  to  its  original 
position. 

By  this  means  it  is  found  that  sonorous  impulses,  which  follow  each 
other  with  a rapidity  of  less  than  sixteen  times  per  second,  are  readily 
distinguishable  as  separate  shocks  ; but  above  that  degree  of  frequency 
they  become  merged  into  each  other,  and  produce  the  sensation  of  a 
. continuous  sound.  In  case  the  repetition  of  the  shocks  takes  place 
at  irregular  or  unequal  intervals,  the  only  characters  perceptible  in 
the  sound  are  its  intensity  and  the  peculiarities  due  to  the  special 
43 
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mechanism  of  its  production.  But  if  the  shocks  succeed  each  other  at 
regular  intervals,  the  sound  has  then  a definite  position  in  the  musical 
scale,  and  is  appreciated  by  the  ear  as  a high  or  low  note.  The  more 
frequent  the  repetitions  in  a given  time,  the  higher  is  the  note  produced, 
until  a limit  is  reached  at  which  the  ear  fails  to  perceive  a sound  at  all. 
The  physical  reason  why  excessively  high  notes  become  inaudible  is 
probably  this : In  the  special  arrangement,  of  the  auditory  apparatus,  a 
vibration,  in  order  to  be  perceptible,  must  have  a certain  degree  of 
extent  or  amplitude;  that  is,  the  particles  of  the  vibrating  body  must 
move  to  and  fro,  at  each  impulse,  for  a certain  distance  in  space.  The 
intensity  of  a sonorous  impression,  accordingly,  depends  upon  the  am- 
plitude of  the  vibrations,  while  its  pitch  or  tone  depends  upon  their 
frequency.  But  the  more  frequently  a body  vibrates  in  a single  second, 
the  less  extensive  must  be  its  movements,  if  their  velocity  remain  the 
same.  Consequently,  when  these  vibrations  arrive  at  a certain  high 
degree  of  frequency,  unless  the  velocity  of  movement  can  be  increased 
in  proportion,  their  amplitude  becomes  so  small  that  they  can  make  no 
impression  upon  the  ear,  and  the  sound  becomes  inaudible. 

It  is  evident,  however,  that  such  a sound  would  be  perceptible  if  the 
sensibility  of  the  auditory  apparatus  were  increased  to  the  requisite 
degree;  and  it  has  been  suspected  by  some  naturalists  that  certain 
insects' may  be  capable  of  perceiving  sounds  of  so  high  a pitch  as  to  be 
inaudible  for  the  human  ear  ; while,  on  the  other  hand,  for  them,  a very 
low  note  would  appear  as  a succession  of  distinct  impulses. 

The  limits  of  frequency,  within  which  sonorous  vibrations  are  percep- 
tible to  man  as  continuous  musical  sounds,  are  16  double  vibrations 
per  second  for  the  lowest  notes,  and  38,000  for  the  highest.  But, 
according  to  Wundt,  the  exact  discrimination  of  the  pitch  of  musical 
sounds  is  confined  within  much  narrower  limits,  especially  for  the  higher 

Duration  of  a Sound  required  for  the  perception  of  Sonorous  Impres- 
sions.—This  point  has  been  investigated  by  Savart1  in  the  following 
manner.  He  ascertained,  by  experiment,  that  the  ear  could  appreciate 
the  pitch  of  a sound  made  by  a toothed  wheel  revolving  at  such  a rate 
as  to  cause  10,000  shocks  per  second.  By  removing  successively  the 
teeth  from  larger  portions  of  the  circumference,  he  diminished  m a 
corresponding  degree  the  time  during  which  the  shocks  were  produced  ; 
and  he  found°that  such  a wheel  would  give  a sound  of  definite  pitch 
with  only  two  adjacent  teeth  remaining.  The  double  shocks  thus  pro- 
duced would  occupy  only  of  a second ; and  this  duration  of  the 
impulses  was  sufficient  to  make  upon  the  ear  a distinct  musical  impres- 
sion. 

' Daguin,  Trait6  Elfimentaire  de  Physique.  Paris,  1869,  tome  i.  p.  517. 
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REPRODUCTION. 


CHAPTER  I. 

THE  NATURE  OF  REPRODUCTION,  AND  THE 
ORIGIN  OF  PLANTS  AND  ANIMALS. 

* Reproduction  is  the  process  by  which  the  different  kinds  of  organized 
bodies  are  perpetuated  in  continuous  series,  notwithstanding  the  limited 
term  of  existence  allotted  to  each  individual.  It  includes  the  phe- 
nomena of  the  production,  growth,  and  development  of  new  gei’ms,  as 
well  as  the  whole  history  of  the  successive  changes  in  the  organs  and 
functions,  and  the  consequent  modifications  of  external  bodily  form  pre- 
sented at  different  periods  of  life. 

All  organized  bodies  pass  through  certain  successive  stages  of  de- 
velopment, in  which  their  structure  and  functions  undergo  corresponding 
alterations.  The-  living  animal  or  plant  is  mainly  distinguished  from 
inanimate  substances  by  the  continuous  changes  of  nutrition  and  growth 
which  take  place  in  its  tissues.  These  nutritive  changes  correspond  in 
activity  with  the  other  vital  phenomena;  since  the  production  of  these 
phenomena  depends  upon  the  regular  and  normal  continuance  of  the 
nutritive  process.  Thus  the  organs  and  tissues,  which  are  the  seat  of 
a double  change  of  renovation  and  decay,  retain  nevertheless  their 
original  constitution,  and  continue  capable  of  exhibiting  the  vital  phe- 
nomena. 

These  changes,  however,  are  not  the  only  ones  which  take  place. 
Although  the  structure  of  the  body  appears  to  be  maintained  in  an 
unaltered  condition  by  the  nutritive  process  from  one  moment  to  an- 
other, or  from  day  to  day,  yet  a comparative  examination  at  greater 
intervals  of  time  will  show  that  this  is  not  precisely  the  case;  but  that 
the  changes  of  nutrition  are,  in  point  of  fact,  progressive  as  well  as  mo- 
mentary. The  composition  and  properties  of  the  skeleton  are  not  the 
same  at  the  age  of  twenty-five  years  that  they  were  at  fifteen.  At  the 
later  period  the  bones  contain  more  calcareous  and  less  organic  matter 
than  before  ; and  their  solidity  is  increased,  while  their  elasticity  is  di- 
minished. Even  the  anatomy  of  the  bones  alters  in  an  equally  gradual 
manner;  the  medullary  cavities  enlarging  with  the  progress  of  growth, 
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and  the  cancellated  tissue  becoming  more  open  in  texture.  There  is  a 
notable  difference  in  the  quantities  of  oxygen  and  carbonic  acid  inspired 
and  exhaled  at  different  ages.  The  muscles,  also,  if  examined  after  the 
lapse  of  some  years,  are  found  to  be  less  irritable  than  formerly,  owing 
to  a slow,  but  steady  and  permanent  deviation  in  their  intimate  con- 
stitution. 

The  vital  properties  of  the  organs,  therefore,  change  with  their  vary- 
ing structure ; and  a time  comes  at  last  when  they  are  perceptibly  less 
capable  of  performing  their  original  functions  than  before.  The  very 
exercise  of  the  vital  powers  is  inseparably  connected  with  the  subse- 
quent alteration  of  the  organs  employed  in  them  ; and  the  functions  of 
life,  instead  of  remaining  indefinitely  the  same,  pass  through  a series 
of  successive  changes,  which  finally  terminate  in  their  complete  cessa- 


tion. 

The  history  of  a living  animal  or  plant  is,  therefore,  a history  of  suc- 
cessive epochs  or  phases  of  existence,  in  each  of  which  the  structure 
and  functions  of  the  body  differ  more  or  less  from  those  in  every  other. 
The  organized  being  has  a definite  term  of  life,  through  which  it  passes  * 
by  the  operation  of  an  invariable  law,  and  which,  at  some  regulaily 
appointed  time,  comes  to  an  end.  The  plant  germinates,  grows,  blos- 
soms, bears  fruit,  withers,  and  decays.  The  animal  is  born,  nourished, 
and  brought  to  maturity,  after  which  he  retrogrades  and  dies.  The 
very  commencement  of  existence,  by  leading  through  its  successive 
intermediate  stages,  conducts  at  last  necessarily  to  its  own  termination. 

But  while  individual  organisms  are  constantly  perishing  and  disap- 
pearing from  the  stage,  the  particular  kind,  or  xpecies,  remains  in  exist- 
ence, without  any  important  change  in  the  appearance  ot  the  organized 
forms  belonging  to  it.  The  horse  and  the  ox,  the  oak  and  the  pine,  the 
different  kinds  of  wild  and  domesticated  animals,  even  the  different 
races  of  man  himself,  have  remained  without  any  essential  alteration 
since  the  earliest  historical  epochs.  Yet  during  this  period  innumer- 
able individuals,  belonging  to  each  species  or  race,  have  lived  through 
their  natural  term  and  successively  passed  out  of  existence.  A species 
may  therefore  be  regarded  as  a type  or  class  of  organized  beings,  in 
which  the  particular  forms  composing  it  die  off  and  disappear,  but  u hicli 
nevertheless  repeats  itself  from  year  to  year,  and  maintains  its  ranks 
constantly  full  by  the  regular  accession  of  new  individuals.  This  pm- 
cess,  by  which  new  organisms  make  their  appearance,  to  take  the  place 
of  those  which  are  destroyed,  is  known  as  the  process  of  reproduction. 
The  first  important  topic,  in  the  study  of  reproduction,  is  that  of  the 

conditions  necessary  for  its  accomplishment. 

Reproduction  by  Generation.— It  is  well  known  that,  as  a rule,  m 
the  reproduction  of  any  particular  kind  of  living  organism,  the  young 
animals  or  plants  are  produced,  directly  or  indirectly,  from  the  bodies 
of  the  elder.  The  relation  between  the  two  is  that  of  parents  an 
progeny.  The  progeny,  accordingly,  owes  its  existence  to  an  act  o 
generation ; and  the  new  organisms,  thus  generated,  become  m turn  the 
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parents  of  others  which  succeed  them.  For  this  reason,  wherever  such 
plants  or  animals  exist,  they  indicate  the  preceding  existence  of  others 
belonging  to  the  same  species  ; and  if  by  any  accident  the  whole  species 
should  be  destroyed  in  any  particular  locality,  no  new  individuals  could 
be  produced  there,  unless  by  the  previous  importation  of  others  of  the 
same  kind. 

1.  he  most  prominent  feature  of  generation,  as  a natural  phenomenon, 
is  that  the  young  animals  01  plants  thus  formed  are  of  the  same  lcind 
with  their  parents.  1 hey  reproduce  all  the  essential  specific  characters 
by  which  their  predecessors  were  distinguished  ; and  this  takes  place 
by  a law  so  universal  that  it  seems  almost  a truism  to  state  it.  But 
this  is  only  because  it  has  been  so  constantly  a matter  of  observation, 
that  in  popular  experience  it  appears  as  a natural  necessity.  In  reality 
it  is  one  of  the  most  remarkable  phenomena  connected  with  the  genera- 
tive process  ; and  it  indicates  an  unbroken  connection  of  physiological 
acts,  extending  through  the  entire  lives  of  many  different  individuals. 
Ihus  we  know  that  the  progeny  of  a fox  will  always  be  foxes;  and  that 
if  we  sow  oats,  it  will  be  a crop  of  oats  that  is  produced  in  consequence. 
Generation,  accordingly,  not  only  gives  rise  to  new  animals  and  plants, 
or  increases  their  number,  but  it  also  serves  to  continue  indefinitely  the 
existence  of  the  particular  species,  with  all  its  characteristic  marks  and 
qualities. 

Our  idea,  therefore,  of  a species,  whether  animal  or  vegetable,  includes 
two  different  elements,  one  of  which  is  anatomical,  the  other  physiologi- 
cal. The  anatomical  character  of  a species  consists  in  the  similarity  of 
form,  size,  and  structure  existing  between  all  the  individuals  belonging 
to  it,  and  which  we  recognize  at  a glance;  its  physiological  character 
depends  upon  the  fact,  which  has  been  learned  by  experience,  that  it 
will  reproduce  itself,  and  that  the  different  species  in  existence  at  any 
one  time  remain  distinct  through  an  indefinite  series  of  successive  gene- 
rations. 

It  is  not  possible  to  say  that  the  anatomical  characters  of  species 
have  remained  absolutely  the  same  throughout  all  previous  time,  or 
that  they  will  continue  to  do  so  without  limit  in  the  future.  The 
existence  of  many  fossil  remains  of  animals  and  plants,  different  from 
those  which  are  known  at  the  present  day,  shows  that  species  are  not 
invariable  and  persistent  through  very  long  periods  of  time ; and  that 
they  may  either  very  gradually  become  so  modified  as  to  present  a 
different  appearance,  or  else  that  they  may  entirely  come  to  an  end, 
like  the  extinct  mastodons  and  fossil  horses  of  the  United  States,  and 
be  replaced  by  others  from  a different  locality.  But  in  whatever  way 
the  succession  of  species  in  different  geological  epochs  be  explained,  it 
is  certain  that  at  any  one  period  their  essential  physiological  characters 
are  those  above  described ; and  that  each  species,  by  the  process  of 
generative  reproduction,  remains  distinct  from  the  others  which  are 
contemporary  with  it. 

But  the  production  of  young  animals,  similar  in  every  respect  to  their 
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parents,  although  in  all  cases  the  final  result  of  the  generative  process, 
is  never  immediate.  The  young  progeny  when  first  produced  is  different 
from  its  parents,  and  only  reaches  a condition  ot  resemblance  to  them 
through  a series  of  changes,  often  of  a very  extraordinary  kind.  In 
the  vertebrate  animals  generally,  the  embryo,  though  quite  incomplete 
in  structure,  yet  presents  a certain  analogy  of  form  with  the  adult  con- 
dition. But  in  many  of  the  invertebrate  animals  the  young,  even  aitei 
hatching,  and  when  capable  of  active  locomotion,  are  so  different  in 
appearance  from  their  parents  that  they  would  never  be  supposed  to 
belong  to  the  same  species,  unless  their  identity  were  demonstrated  by 
their  subsequent  development.  Thus  the  young  mosquito  is  a wingless 
creature  living  beneath  the  surface  of  the  water  in  stagnant  pools ; and 
the  eggs  of  the  butterfly,  when  hatched,  give  birth  not  to  butterflies  but 
to  caterpillars.  These  caterpillars,  howeyer,  are  not  creatures  ot  a 
different  species,  but  only  young  butterflies ; and  they  become  fully 
developed  and  similar  to  their  parents  after  certain  changes,  which  take 
place  at  definite  periods  of  their  development. 

The  reproduction  or  repetition,  therefore,  of  the  form  which  distin- 
guishes a particular  species  is  accomplished  by  a series  of  changes  which 
follow  each  other  in  regular  order ; and  this  series,  taken  together,  may 
be  represented  by  a circuit,  which  starts  from  the  egg,  is  continued 
through  the  different  phases  of  growth,  transformation  and  maturity  of 
the  animal,  and  terminates  again  with  the  production  of  an  egg.  As 
this  egg  is  similar  to  the  first,  the  changes  repeat  themselves  in  their 
previous  order,  and  the  indefinite  continuance  ot  the  species  is  thus 
established. 

Spontaneous  Generation. — The  commonest  observation  shows  that 
the  facts  detailed  above  hold  good  in  regard  to  all  animals  and  plants 
with  whose  history  we  are  familiarly  acquainted.  An  opinion,  however, 
has  sometimes  been  entertained  that  there  may  be  exceptions  to  this 
rule;  and  that  living  beings  can,  under  certain  circumstances,  be  pio- 
duced  from  inanimate  materials  ; presenting,  accordingly',  the  singular 
phenomenon  of  a progeny  without  parents.  Such  a production  of 
organized  bodies  is  known  by  the  name  of  spontaneous  generation  Its 
existence  is  doubted  by  most  physiologists  at  the  present  time,  and  has 
never  been  positively  established  for  any  particular  organized  species; 
but  it  has  been  at  various  periods  the  subject  of  active  discussion, 
forming  a somewhat  remarkable  chapter  in  the  history  of  geneia 

physiology.  . . , 

It  may  be  remarked  in  general  terms  that  the  organisms,  in  regaic 
to  which  the  idea  of  the  possibility  of  spontaneous  generation  has  been 
entertained,  have  been  always  those  whose  natural  history  was  imper- 
fect or  obscure,  owing  either  to  their  minute  size  or  to  certain  of  then- 
physiological  peculiarities.  Wherever  animals  or  plants  appeared  in 
considerable  abundance  without  exhibiting  any  evidence  of  the  source 
from  which  they  came,  it  was  formerly  conjectured,  from  that  fact  alone, 
that  their  production  was  a spontaneous  one.  The  ancient  naturalists 
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supposed  that  all  species  of  animals,  excepting  those  which  visibly  either 
laid  eggs  or  produced  living  young,  were  formed  spontaneously  from 
the  combination  of  their  organic  ingredients.  Maggots,  shell  fish,  grubs, 
worms,  and  even  some  fishes  were  thought  to  be  produced  in  this  way, 
simply  because  they  had  no  apparent  specific  origin. 

But  continued  observation  in  natural  history  showed  that  in  these 
cases  the  animals  were  really  produced  by  generation  from  parents; 
their  secret  methods  of  propagation  being  discovered,  and  their  specific 
identity  being  established  by  successive  changes  in  development  of  the 
young.  The  difficulty  of  doing  this  in  any  particular  case  is  often  in- 
creased by  the  interval  which  elapses  between  the  deposit  of  eggs  by 
the  parents  and  the  subsequent  hatching  of  the  young ; the  new  genera- 
tion not  showing  itself  until  after  the  former  has  disappeared.  A similar 
instance  is  that  of  the  American  seventeen-year  locust  ( Cicada  nepten- 
decim),  where  a period  of  seventeen  years  intervenes  between  the  hatch- 
ing of  the  larva  and  the  appearance  of  the  perfect  insect ; the  larva  all 
this  time  remaining  buried  in  the  ground,  while  the  life  of  the  perfect 
insect  does  not  last  over  six  weeks.  But  notwithstanding  this  difficulty, 
all  such  doubtful  cases  were  gradually  traced  to  the  usual  method  of 
generation  from  parents. 

Another  source  of  error  was  the  great  dissimilarity  in  the  figure  some- 
times existing  between  the  parents  and  their  young,  especially  as  this  is 
accompanied  by  an  equal  dissimilarity  in  their  habits  of  life.  Until 
about  the  middle  of  the  seventeenth  century  there  was  supposed  to  be 
no  more  undoubted  instance  of  spontaneous  generation  than  the  appear- 
ance of  maggots  in  putrefying  meat.  These  creatures  always  show 
themselves  in  meat  at  a certain  stage  of  its  decomposition  ; they  never 
appear  elsewhere  ; and  they  do  not  themselves  manifest  the  power  of 
producing  young:  and  for  these  reasons  they  were  believed  to  originate 
from  the  dead  flesh  and  to  die  themselves  without  leaving  a progeny. 
But  the  simple  experiments  of  Francisco  Redi  in  1668,  demonstrated 
the  source  of  fallacy  in  this  opinion  and  the  true  origin  of  the  maggots. 
He  took,  in  the  month  of  July,  eight  wide-mouthed  glass  bottles  and 
placed  in  them  various  pieces  of  dead  flesh.  Four  of  these  bottles  were 
left  open  to  the  atmosphere,  while  the  remaining  four  were  closed  by 
pieces  of  paper  carefully  adjusted  over  the  mouth  of  each  and  fastened 
by  a cord  round  its  neck.  A short  time  afterward  the  flesh  in  the  un- 
covered bottles  was  filled  with  maggots,  a peculiar  kind  of  fly  meanwhile 
passing  in  and  out  by  the  open  mouth;  but  in  the  closed  bottles  not  a 
single  maggot  was  visible,  even  after  the  lapse  of  several  months. 

Thus  it  was  evident  that  the  maggots  were  not  formed  from  the  dead 
flesh,  but  that  their  germs  came  in  some  way  from  without ; and  con- 
tinued observation  showed  that  they  were  hatched  from  eggs  deposited 
by  the  flies,  and  that  after  a time  they  became  developed  into  perfect 
insects  similar  to  their  parents.  An  extension  of  these  observations  to 
other  species  of  invertebrate  animals  made  known  a great  variety  of 
instances  in  which  the  connection  of  parents  and  progeny  might  be  traced 
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through  several  intermediate  conditions  ; so  that  the  apparent  difference 
between  them  in  configuration  and  structure  no  longer  offered  a serious 
difficulty  to  the  investigator.  As  a general  rule,  since  that  time,  when- 
ever a rare  or  comparatively  unknown  animal  or  plant  has  been  suspected 
to  originate  by  spontaneous  generation,  it  has  only  been  necessary  to 
examine  thoroughly  its  habits  and  functions,  to  discover  its  real  methods 
of  propagation,  and  to  show  that  they  correspond,  in  all  essential  par- 
ticulars, with  the  ordinary  laws  of  reproduction.  The  limits  within 
which  it  is  possible  for  the  doctrine  of  spontaneous  generation  to  be 
applied  have  been  successively  narrowed,  in  the  same  degree  that  the 
study  of  natural  history  has  advanced  ; the  presumption  of  its  existence 
always  hanging  upon  the  outskirts  of  definite  knowledge,  and  being 
connected  only  with  those  animal  or  vegetable  organisms  which  are  for 
the  time  imperfectly  understood.  The  two  groups  from  which  it  has 
been  most  recently  excluded  by  the  progress  of  discovery  are,  1.  The 
Entozoa,  or  internal  parasites;  and  2.  The  Infusoria. 

I.  Entozoa. — These  are  organisms  which  live  within  the  bodies  of 
other  living  animals,  from  whose  organic  juices  they  derive  their  nourish- 
ment. 

There  are  many  different  kinds  of  entozoa,  all  of  which  are  confined, 
more  or  less  strictly,  to  certain  parts  of  the  body  which  they  inhabit. 
Some  of  them  are  found  in  the  intestines,  others  in  the  liver,  the  kidneys, 
the  lungs,  or  the  heart  and  bloodvessels;  others  on  the  surface  of  the 
brain ; others  even  in  the  muscles  or  in  the  interior  of  the  eyeball. 
Each  particular  kind  of  parasite,  as  a rule,  is  peculiar  to  the  species  of 
animal  which  it  inhabits,  and  even  to  a particular  part  of  the  body,  often 
to  a particular  part  of  one  organ.  Thus,  Ascaris  lumbricoides  is  found 
in  the  small  intestine,  Oxyuris  vermicularis  in  the  rectum,  Trichoee- 
phalus  dispar  in  the  caecum.  One  kind  of  Distoma  has  its  place  in 
the  lungs  of  the  green  frog,  another  in  those  of  the  brown  frog.  Cysti- 
cercus  cellulosae  is  found  in  the  connective  tissue;  Trichina  spiralis  in 
the  substance  of  the  muscles. 

With  regard  to  many  of  these  parasites  the  only  difficulty  in  account- 
ing for  their  existence,  except  on  the  presumption  of  their  spontaneous 
generation,  lay  in  their  being  confined  to  such  narrow  limits  and  their 
never  being  met  with  elsewhere.  It  seemed  probable  that  some  local 
combination  of  conditions  was  necessary  to  the  production  of  a para- 
site, which  was  never  to  be  found  except  in  the  biliary  passages,  the 
kidneys,  or  the  lungs  of  a living  animal.  A little  consideration,  how- 
ever, makes  it  evident  that  these  conditions  are  in  reality  neither  neces- 
sary nor  sufficient  for  the  production,  but  only  for  the  development  of 
the  parasites  in  question.  Most  of  the  internal  parasites  evidently 
reproduce  their  species  by  generation.  They  have  male  and  female 
organs,  and  produce  fertile  eggs,  often  in  great  abundance.  The  eggs 
contained  in  a single  female  Ascaris  are  to  be  counted  by  thousands; 
and  in  a tapeworm  even  by  millions.  These  eggs,  in  order  that  the,\ 
may  be  hatched,  and  produce  new  individuals,  require  ceitain  special 
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conditions  which  are  favorable  for  their  development;  in  the  same  man- 
nei  as  the  seeds  ot  plants  require,  for  their  germination  and  growth,  a 
certain  kind  of  soil  and  a certain  supply  of  warmth  and  moisture.  It  is 
accordingly  no  more  remarkable  that  Oxyuris  vermicularis  should  in- 
habit the  rectum,  and  Ascaris  lumbricoides  the  ileum,  than  that  Lobelia 
in  data  should  grow  only  in  dry  pastures,  and  Lobelia  cardinalis  by  the 
side  of  running  brooks.  The  lichens  flourish  on  the  exposed  surfaces 
ot  rocks  and  stone  walls  ; while  the  fungi  vegetate  in  darkness  and 
moisture,  on  the  decaying  trunks  of  dead  trees.  Yet  both  these  classes 
of  vegetables  are  well  known  to  be  reproduced  by  generation,  from 
geims  which  require  special  conditions  for  their  growth  and  develop- 
ment. If  the  germ  of  any  species,  whether  animal  or  vegetable,  be  de- 
posited in  a locality  where  these  requisite  conditions  are  present,  it  is 
developed  and  comes  to  maturity;  otherwise  not.  This  accounts  fully 
foi  the  fact  that  internal  parasites,  like  other  living  organisms,  are  con- 
fined to  certain  situations  by  the  requirements  of  their  nourishment  and 
growth. 

But  in  regard  to  a few  of  the  internal  parasites  a further  difficulty 
existed,  owing  to  the  presence  of  two  peculiaries  : first,  these  particular 
kinds  do  not  inhabit  the  open  passages  or  canals  of  the  body,  but  lie 
encysted,  in  the  solid  substance  of  the  tissues,  where  there  are  no  visible 
means  of  access  liom  without;  and  secondly,  they  are  sexless,  perform- 
ing no  generative  function,  and  having  no  progeny  of  their  own ; so  that 
it  does  not  readily  appear  how  they  can  themselves  have  been  derived 
from  paients.  T.  he  two  kinds  of  entozoa  which  have  presented  this 
difficulty  in  the  most  marked  manner,  and  in  which  it  has  been  most 
fully  explained  by  the  results  of  observation  and  experiment,  are  those 
known  as  Cysticercus  cellulosie  and  Trichina  spiralis. 

1.  Cyslicercus  cellulo  sue. —This  is  a bladder-shaped  parasite  of  some- 
what flattened  form,  about  10  millimetres  in  diameter,  found  in  the  sub- 
cutaneous and  intermuscular  connective 
tissue  of  the  pig,  where  it  appears  under 
the  form  of  whitish  specks,  giving  to 
the  flesh  the  appearance  known  as  that 
of  “measly  pork.”  Each  parasite  is 
enveloped  in  a perfectly  closed  cyst,  but 
the  bladder-like  body,  when  extracted, 
exhibits  at  one  spot  a minute  depression 
or  involution  of  its  wall.  From  this 
point  a slender  neck,  ending  in  a 
rounded  head,  may  be  extruded  by 
pressure  ; after  which  the  animal  is  seen 
to  consist  of  a head  and  neck,  termi- 
nated posteriorly  by  a dilated,  sac-like  tail,  whence  its  generic  name  of 
cysticercus.  Its  specific  name  was  derived  from  its  inhabiting  the  con- 
nective tissue,  formerly  known  as  the  “ cellular  tissue.”  The  head  of 
the  parasite,  when  magnified,  shows  upon  its  surface  four  sucking  disks, 


Fig.  214. 


Oysticerous  Cellulose,  from 
tlic  flesh  of  the  pig  Natural  size.— 
1.  Vesicular  appendage,  with  the  head 
and  neclc  extruded.  2, The  same, 
with  head  and  neck  inverted  ; viewed 
In  different  positions.  (Davaine.) 
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and  near  its  extremity  a double  crown  of  curved  calcareous  processes  or 
hooks,  implanted  in  its  substance.  There  are  no  distinguishable  internal 
organs,  and  the  caudal  vesicle  is  filled  simply  with  an  albuminous 
watery  fluid.  Thus  there  is  no  apparent  source  from  which  these  or- 
ganisms can  have  come,  other  than  the  tissues  which  they  inhabit,  nor 
any  visible  mode  of  continuing  the  species  by  generation. 

But  it  has  been  shown  by  the  investigations  ol  V an  Beneden,  Leuck- 
art,  Haubner,  and  Kiichenmeister,1  that  Cysticercus  cellulosae  is  only 
the  embryonic  progeny  of  Taenia  solium,  or  the  solitary  tapeworm,  found 
in  the  small  intestine  of  the  human  subject.  The  specitic  identity  of 
the  two  was  first  suspected  from  the  exact  simi- 
larity in  the  form  and  structure  of  the  head  and 
narrow  neck,  which  presents  the  same  sucking 
disks  and  double  crown  of  hooks  in  Taenia  as  in 
Cysticercus.  But  in  Taenia  this  neck,  instead  of 
terminating  in  a vesicular  appendage,  is  elongated 
and  transversely  wrinkled.  The  wrinkles,  after  a 
certain  distance,  become  deepened  into  superficial 
furrows,  marking  off  the  body  of  the  animal  into 
oblong  divisions  or  articulations,  each  articulation 
showing  a double  system  of  communicating  vascu- 
lar canids,  and  also  distinctly  marked  generative 
organs  of  both  sexes.  As  they  recede,  by  succes- 
sive growth,  farther  and  farther  from  the  head,  the 
generative  organs  contained  in  the  articulations 
become  more  completely  formed,  and  are  at  last 
filled  with  mature  fecundated  eggs,  in  which  the 
embryos  have  begun  to  be  developed.  The  entire 
tapeworm  then  forms  a continuous  chain  or  colony 
of  articulations,  sometimes  from  six  to  eight  metres 
in  length,  and  attached  to  the  mucous  membrane  of 
the  intestine  only  by  the  minute  head  at  its  ante- 
rior extremity. 

By  the  experiments  above  mentioned  it  was 
found,  1st.  That  mature  articulations  from  the 
tmnia  solium  of  the  human  subject,  if  administered 
to  young  pigs  with  their  food,  produce  an  abundance 
of  cysticercus  cellulosae  in  the  flesh  of  these  ani- 
mals; and,  2d.  That  cysticercus  cellulosse  from 
measly  pork,  if  swallowed  by  man,  becomes  developed  in  the  intestine 
within  a few  days,  into  ribbon-like  worms,  distinctly  recognizable  as 
young  specimens  of  taenia  solium. 

The  manner  in  which  the  pig  becomes  infested  with  cysticercus  is  as 
follows : In  the  fully-formed  tapeworm,  in  the  human  intestine,  the  as 

■ KUchenmeister,  Animal  and  Vegetable  Parasites.  Sydenham  edition,  Lon- 
don,  1857,  pp.  115,  120. 
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and  most  mature  articulations  separate  spontaneously  from  the  rest  of 
the  colony,  and  either  find  their  way  out  by  the  anus  singly,  or  are  dis- 
charged with  the  evacuations.  They  have,  while  still  living,  a con- 
siderable degree  of  contractility  and  power  of  locomotion  ; and  thus 
become  accidentally  transferred  to  the  surface  of  neighboring  vegetable 
matters,  and  are  devoured  by  the  pig  with  his  food.  In  the  stomach 
and  intestine,  the  substance  of  the  articulation  is  digested  and  dissolved ; 
but  the  embryos,  which  are  33  mmm.  in  diameter,  and  armed  with  three 
pairs  of  calcareous  spines,  make  their  way  through  the  intestinal  walls, 
and  thence  are  dispersed,  either  by  a continuance  of  the  same  movement 
or  by  the  bloodvessels,  throughout  the  connective  tissue,  where  they 
are  afterward  found.  Here  they  become  encysted,  and  go  through  with 
a partial  development,  remaining  in  the  condition  of  cysticeraus  in  the 
flesh  of  the  pig  until  this  flesh  is  used  for  food,  when  they  finally  be- 
come converted  into  taenia  solium.  Tims  the  entire  round  of  generation 
and  development  is  completed,  and  the  original  form  of  the  parasite 
reproduced.  A similar  relation  has  been  shown  by  Kiichenmeistcr 
and  Siebold1  to  exist  between  certain  other  species  of  taenia  and  cysti- 
cercus. 

2.  Trichina  spiralis. — This  is  a sexless,  encysted,  worm-like  para- 
site, found  in  the  muscular  tissue  of  the  pig,  and  sometimes  in  that  of 
the  rat,  the  cat,  and  the  human  species.  Each  worm  lies  closely  coiled, 
in  a spiral  form,  in  the  interior  of  its 
enveloping  cyst.  It  is  about  0.75 
millimetre  in  length,  of  a tapering 
form,  with  a slender  anterior  and 
rounded  posterior  extremity.  It  pre- 
sents a nearly  straight  intestine  ex- 
tending through  its  whole  length, 
and  rudimentary  sexual  organs  which 
are  entirely  inactive.  The  worm  has 
been  known  since  1835,  as  occasion- 
ally found  in  the  human  muscular 
tissue  in  the  encysted  form;  but  it  is  only  since  1860,  principally  from 
the  investigations  of  Leuckart,2  that  the  different  stages  of  its  growth 
and  development  have  been  made  known.  If  muscular  flesh  containing 
encysted  trichinae  be  administered  with  the  food  to  a rabbit,  cat,  rat, 
mouse,  or  pig,  the  cysts  become  digested  and  the  worms  liberated  in 
the  small  intestine.  Here  thejr  rapidly  increase  in  size  and  develop- 
ment, the  females  becoming  impregnated  and  filled  with  living  young, 
and  attaining,  at  the  end  of  a fortnight,  three  or  four  times  their  pre- 
vious size.  The  young  embryos  are  now  discharged  from  the  body  of 
the  parent,  make  their  way  through  the  walls  of  the  intestine,  and  are 

1 Von  Siebold,  On  Tape  and  Cystic  Worms.  Sydenham  edition.  London, 
1857,  p.  57. 

2 Untersuckungen  Uber  Trichina  spiralis.  Leipzig  und  Heidelberg,  1860. 
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Trichina  spiralis,  encysted, 
from  muscular  tissue  of  a trichinous  cat. 
Magnified  76  diameters. 
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dispersed  throughout  the  body.  They  thus  reach  the  muscular  tissue, 
where  they  become  encysted,  and  remain  quiescent  until  again  intro- 
duced into  the  intestine  of  another  animal  or  of  man.  In  this  way  the 
existence  of  sexless  and  encysted  parasites  is  seen  to  be  entirely  analo*- 
gous  to  that  of  the  caterpillar  or  the  maggot.  They  are  sexless, 
because  they  are  still  in  the  embryonic  or  incomplete  stage  of  develop- 
ment. But  they  have  been  produced  by  the  regular  mode  of  generation 
from  parents  ; and  they  will,  at  a subsequent  period,  themselves  produce 
young  by  the  same  process. 

II.  Infusoria. — These  are  microscopic  organisms,  first  discovered  by 
Leeuwenhoek,  in  1675,  in  x-ain-water  which  had  been  kept  in  standing 
vases.  On  account  of  their  active  movement  and  minute  size  he  called 
them  “animalcules;”  but  as  they  were  soon  afterward  discovered  to 


Fig.  217. 


Infusoria,  of  various  kinds. — 1.  Urostyla  grand^s,  from  decaying  sedge-grass  2. 
Paramecium  aurelia,  from  vegetable  infusions.  3.  Chlamydodon  mnemosyne,  Baltic  Sea 
water.  4.  Kerona  polyporum,  on  the  fresh-water  polype.  5.  Oxytricha  caudata,  open 
stagnant  waters.  6.  Ervilia  fluviatilis,  clear  brook  water.  7.  Heteromita  ovata,  on  aquatic 
river-plants.  Magnified  325  diameters.  (Ehrenberg  and  Stein.) 

make  their  appearance  in  great  numbers  and  with  remarkable  rapidity 
in  watery  infusions  of  organic  matter  exposed  to  the  air,  they  received 
the  general  name  of  “infusoria.”  They  present  themselves  in  great 
variety,  and  under  rapidly  changing  forms;  so  much  so  that  Ehrenberg 
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in  1838’  described  more  than  700  different  kinds.  They  are  generally 
provided  with  cilia  attached  to  the  exterior  of  their  bodies,  and  are,  for 
the  most  part,  in  constant  and  rapid  motion  in  the  fluid  which  they 
inhabit. 

In  consequence  of  the  numerous  different  forms  of  the  infusoria,  their 
frequent  changeability  of  figure,  and  their  want  of  resemblance  to  any 
previously  known  class  of  animal  organisms,  they  were  thought,  by 
some  of  the  earlier  observers,  to  have  no  regular  mode  of  generation, 
but  to  aiise  indiscriminately  from  the  organic  materials  of  the  infusion; 
the  particular  form  which  they  might  assume  being  determined  by  the 
special  conditions  of  each  case.  Their  inevitable  appearance  in  organic 
infusions,  at  all  ordinary  temperatures  and  exposures,  contributed  to 
sustain  this  belief,  ffhe  substance  of  the  infusion  might  be  previously 
baked  or  boiled ; the  water  in  which  it  was  infused  might  be  distilled,  and 
thus  fieed  from  all  organic  contamination;  and  yet  the  infusoria  would 
make  their  appear  mice  at  the  usual  time  and  in  the  usual  abundance, 
piovided  only  that  the  infusion  were  exposed  to  moderate  warmth  and 
to  the  access  of  atmospheric  air.  But  these  conditions  are  essential  to 
maintaining  the  life  of  all  organized  creatures,  from  whatever  source 
they  may  come,  and  are  not,  therefore,  more  necessary  to  the  infusoria 
than  to  others. 

Iherefoie  the  infusoria  must  either  have  been  spontaneously  gene- 
lated  fiom  the  materials  of  the  infusion,  or  else  they  must  have  been 
produced  from  germs  introduced  from  the  atmosphere.  In  the  latter 
case  these  germs  must  be  wafted  about,  in  a comparatively  dry  state 
and  in  an  inactive  condition,  by  the  atmospheric  currents,  to  resume 
their  activity  and  development  when  brought  in  contact  with  sufficient 
moisture  and  with  the  organic  material  requisite  for  their  nutrition. 

The  researches  relating  to  this  question  continued  witli  the  most  extra- 
oidinaiy  persistence,  and  with  various  interruptions  and  revivals,  from 
1775,  when  they  were  carried  on  by  Needham  and  Spallanzani,  through- 
out the  greater  part  of  the  present  century,  in  the  hands  of  Cuvier, 
Schultze,  Helmholtz,  Milne-Ed wards,  Longet,  Pouchet,  Pasteur,  Wy- 
man, and  Bastian.  The  main  object  of  investigation  was  to  discover 
whether,  if  all  previous  living  germs  were  destroyed  by  heat,  and  the 
access  of  others  prevented  by  hermetically  sealing  the  vessels,  or 
thoroughly  purifying  the  air  which  was  introduced,  infusorial  life 
would,  under  such  circumstances,  be  developed. 

The  general  result  of  these  experiments  was  that  such  precautions 
diminished  and  often  entirely  prevented  the  production  of  infusoria. 
Spallanzani"  had  already  shown  in  1776  that  organic  infusions  in  her- 
metically sealed  glass  flasks,  if  boiled  for  two  minutes,  failed  to  produce 
any  of  the  larger  and  more  highly  organized  animalcules ; and  that 
boiling  for  three-quarters  of  an  hour  prevented  the  appearance  of  the 
more  minute  and  simpler  kinds. 

1 Die  Infusionsthierchen  als  vollkommene  Organismen.  Leipzig,  1838. 

2 Opuseoli  de  Fisica  animale  e vegetabile.  Modena.  1776,  vol.  i.  p.  10. 
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Scluiltze1  performed  similar  experiments,  with  the  additional  advan- 
tage of  admitting  to  the  organic  infusion  fresh  air  purified  from  germs. 
He  placed  his  infusion  in  a glass  flask,  the  stopper  of  which  was  pro- 
vided Avith  two  narrow  tubes,  bent  at  right  angles.  When  the  infusion 
had  been  thoroughly  boiled,  and  all  the  air  contained  in  the  flask  ex- 
pelled, he  fastened  to  each  of  the  projecting  tubes  a series  of  bulbs 
containing  on  the  one  side  sulphuric  acid,  and  on  the  other  a solution 
of  potassium  hydrate ; so  that  the  air  which  re-entered  the  flask  while 
it  was  cooling  must  pass  through  these  fluids,  and  thus  be  cleansed  of 
all  living  organic  matter.  The  apparatus  was  then  kept  in  a warm 
place  for  two  months,  the  air  being  renewed  daily  by  suction  through 
the  tubes,  without  any  infusoria  being  detected  in  its  contents.  But 
they  showed  themselves  in  great  abundance  after  it  had  been  taken 
apart,  and  the  infusion  exposed  for  a few  days  directly  to  the  atmo- 
sphere. 

Pasteur'2  found  that  if  a flask  containing  an  organic  liquid  were  boiled 
upon  a high  mountain,  where  the  air  is  of  unusual  purity,  allowed  to 
fill  itself  with  this  air  while  cooling,  and  then  hermetically  sealed,  it 
would  often  remain  free  from  infusorial  growth,  lie  kept  several  such 
flasks,  boiled  and  filled  with  air  upon  the  Montan  vert  in  Switzerland, 
for  four  years,  without  the  liquids  which  they  contained  undergoing  auy 
perceptible  change.  But  on  making,  at  the  end  of  that  time,  a minute 
opening  in  the  neck  of  one  of  these  flasks,  it  exhibited  after  three  days 
a perceptible  growth  of  cryptogamic  vegetation. 

These  results  did  not  absolutely  exclude  the  possibility  of  spontane- 
ous generation,  which  was  still  maintained  by  Pouchet  and  a number 
of  other  observers ; but  they  indicated  in  a very  decisive  manner  that 
the  atmosphere,  might  contain  the  inactive  germs  of  infusoria,  which 
were  capable  of  being  developed  on  meeting  with  a suitable  organic 
infusion. 

But  in  the  mean  time  the  study  of  the  infusoria  themselves  had  been 
going  on  independently  of  the  question  of  spontaneous  generation,  and 
this  alone  has  been  sufficient  to  demonstrate  that  they  are  reproduced 
in  the  usual  way,  like  other  animal  species,  by  means  of  fertilized  eggs 
and  embryonic  development. 

The  apparent  confusion  and  variability  in  form  of  the  infusoria,  at 
the  time  of  their  first  discovery,  depended  only  upon  their  great  num- 
bers and  upon  the  want  of  sufficient  knowledge  in  regard  to  them.  Sub- 
sequent observation  has  shown  that  their  organization  is  as  definite  as 
that  of  other  classes  of  the  animal  kingdom ; and  they  have  now  been 
arranged,  by  the  labors  of  Claparede  and  Lachmann,3  Stein,4  and  Bal- 
biani,5  into  orders,  families,  genera,  and  species,  which  may  be  recog- 

1 Poggendorf’s  Annalen,  1836.  Band  xxxix.  p.  487. 

2 Comptes  Rendus  de  l'Acaddmie  des  Sciences.  Paris,  Fdvrier  20.  1865. 

3 Etudes  sur  les  Infusoires  et  les  Rhizopodes.  Genfeve,  1856-1861. 

4 Organismus  der  Inf'usionsthiere.  Leipzig,  1859. 

6 Journal  de  la  Physiologic  de  l’Homme  et  des  Animaux.  Paris,  1861. 
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nized  with  certainty  by  their  distinctive  marks.  They  are  not  confined 
to  infusions  of  decaying  material  artificially  or  accidentally  prepared  ; 
but  many  of  them  have  their  natural  habitation  in  the  clearest  waters 
of  lakes,  pools,  marshes,  running  brooks,  or  the  open  sea.  Certain  forms, 
originally  included  in  this  class,  such  as  Rotifer,  Stephanoceros,  and 
Floscularia,  have  been  found  to  possess  a more  complicated  structure 
than  the  rest,  and  to  belong  properly  to  the  class  of  worms;  while  their 
mode  of  reproduction  is  sufficiently  manifest  from  the  fact  that  living 
embryos,  in  process  of  development,  are  often  to  be  seen  in  their  interior. 


Fig.  218. 


RttiouyohiA  Mytiltts;  a fresh-water  infusorium. — 1.  Unimpregnated.  2.  Impreg- 
nated, and  containing  mature  eggs  and  two  embryos.  3.  Showing  the  form  of  the  embryo. 
Magnified  375  diameters.  (Stein.) 
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Finally,  the  ciliated  infusoria  themselves  have  been  shown  to  repro- 
duce their  species  by  means  of  eggs,  formed  in  special  generative  organs 
and  fecundated  by  union  of  the  sexes  (Fig.  218).  This  fact,  first  demon 
strated  by  Balbiani,  has  been  since  confirmed,  in  many  instances,  bjr 
Stein,  Engelmann,1  and  Cohn  ;2  Balbiani  and  Stein  together  having 


1 Zeitsehrift  fur  AVissenscliaftliche  Zoologie.  Leipzig,  1862,  Band  xi.  p.  347. 

2 Ditto.  Band  xii.  p.  197. 
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observed  the  occurrence  of  sexual  generation  in  47  different  genera 
and  G6  different  species. 

Thus  the  infusoria  proper  are  in  their  turn  excluded  from  the  field 
of  spontaneous  generation.  But,  on  the  other  hand,  a considerable 
group  of  organisms,  formerly  referred  to  the  class  of  infusoria,  are  now 
known  to  be  of  a different  character.  These  are  the  forms  included 
under  the  general  term  of  Bacteria,  and  comprising  the  special  varieties 
of  bacterium,  vibrio,  spirillum,  and  micrococcus.  They  are  demon- 
strated to  be  of  a vegetable  nature,  notwithstanding  their  frequent 
exhibition  of  rapid  and  continuous  movement;  and  they  consist  of  cells, 
which  multiply,  often  in  great  abundance,  by  a process  of  repeated  sub- 
division. Whether  they  are  also  reproduced  by  means  of  spores  or 
germs,  has  not  been  determined  ; but  their  minute  size  and  their  imper- 
fect classification  have  thus  far  proved  obstacles  to  the  complete  study 
of  their  physiological  characters. 

The  representative  of  this  group  may  be  considered  to  be  the  species 
known  as  Bacterium  lermo , already  described  (page  83),  in  connection 

with  the  phenomena  of  pu- 
trefaction. It  consists  of 
elongated  or  rod-like  cells, 
averaging  3 mmm.  in  length 
by  0.6  mm  in.  in  thickness, 
sometimes  single,  often 
double,  two  of  them  being 
attached,  more  or  less  firmly, 
end  to  end.  The  latter  ap- 
pearance is  due  to  the  pro- 
gressive multiplication  of 
the  cells,  which  takes  place 
by  a transverse  division  at 
the  middle  of  their  length. 
The  two  new  cells  thus  pro- 
duced remain  for  a time  in 
connection  with  each  other, 

Cells  of  Bacterium  Tehmo;  from  a putrefying  an(j  afterwai'd  separate,  to 
infusion.  , . 

repeat  the  process  indepen- 
dently of  each  other.  The  final  separation  of  two  cells  may  often  be 
seen  to  occur  under  the  microscope.  The  bacterium  cells,  during  a 
considerable  part  of  their  existence,  are  in  rapid  vibratory  and  piogies- 
sive  movement.  The  vibrations  take  place  in  a circular  mannei,  about 
some  point  situated  either  at  or  near  one  of  the  extremities ; so  that  the 
rest  of  the  cell  performs  a conical  movement  around  this  point,  present- 
ing, on  superficial  examination,  the  appearance  of  a lateral  oscillation. 
The  mechanism  by  which  this  vibration  is  accomplished  is  unknown; 
but  it  is  no  doubt  analogous  to  the  slower  spiral  undulations  of  the 
Oscillatorise , among  fresh-water  algm ; and  its  effect  is  to  propel  the 


Fig.  219. 
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bacterium  cells,  often  with  extreme  velocity,  through  the  fluid  in  which 
they  are  immersed. 

01  later  3rears,  the  investigations  in  regard  to  spontaneous  generation 
have  been  almost  exclusively  confined  to  the  bacteria  and  their  allies, 
since  they  now  form  the  only  group  of  organisms  in  which  reproduction 
by  generation  has  not  been  fully  established.  Even  for  them,  the  rapid 
multiplication  by  cell  division,  which  takes  place  under  favorable  con- 
ditions, indicates  the  usual  mode  of  their  increase  in  numbers;  but  in 
order  to  establish  an  entire  similarity  between  them  and  other  living 
organisms,  they  must  also  be  shown  to  reproduce  themselves  by  spores 
or  germs,  which  has  not  thus  far  been  done.  The  experiments  with 
boiled  infusions  in  sealed  flasks  have  led  to  results  which  are  not  inter- 
preted in  the  same  manner  by  all  writers  ; but  it  is  evident  that  for 
bacteria,  as  well  as  for  other  organic  forms,  the  application  of  heat 
exerts  in  various  degrees  a preventive  action  on  their  subsequent  appear 
ance. 

Among  the  most  careful  and  satisfactory  experiments  on  this  part  of 
the  subject  are  those  of  Prof.  Wyman,1  who  operated  with  infusions  of 
both  animal  and  vegetable  matters.  The  infusions,  placed  in  sealed 
flasks,  with  abundance  of  atmospheric  air,  were  submerged  in  boiling 
water  for  periods  varying  from  thirty  minutes  to  live  hours,  and  after- 
ward kept  under  observation  at  the  ordinary  temperatures  requisite  for 
the  development  of  bacteria.  The  result  showed  that  the  appearance 
of  these  organisms  was  always  delayed  by  the  previous  application  of 
heat,  and  that  this  delay,  in  different  series  of  observations,  was  often  in 
direct  proportion  to  the  length  of  time  during  which  the  boiling  had 
been  continued.  Furthermore,  in  certain  cases  the  bacteria  failed  to  be 
produced  at  all,  and  the  chances  of  their  production  decreased  in  pro- 
portion to  the  length  of  time  during  which  the  liquid  had  been  boiled, 
lhus,  of  lour  series  of  flasks,  each  containing  the  same  infusion,  and 
boiled  respectively  during  one,  two,  three,  and  four  hours,  all  of  the  first 
and  second  series  afterward  produced  bacteria,  only  one  of  the  third, 
and  none  of  the  fourth.  Finally,  in  no  instance,  among  numerous  trials, 
did  they  appear  in  any  infusion  which  had  been  boiled  for  a period  ex- 
ceeding five  hours.  Thus  a limit  was  reached  to  the  production  of  bac- 
teria, in  fluids  previously  subjected  to  the  action  of  heat. 

rl  here  can  be  no  doubt  as  to  the  scientific  bearing  of  these  and  similar 
experiments.  Spontaneous  generation  is  inadmissible  at  the  present 
day  for  everything  except  bacteria ; and  with  regard  to  them  there  is 
no  sufficient  proof  that  they  are  ever  generated  without  the  concurrence 
of  previously  existing  germs. 

American  Journal  of  Science  and  Arts.  New  Haven,  vol.  xliv.,  September 
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SEXUAL  GENERATION,  AND  THE  MODE  OF  ITS 
ACCOMPLISHMENT. 


Fig.  220. 


Sexual  generation  is  performed  by  two  sets  of  organs,  each  of  which 
gives  origin  to  a peculiar  product,  capable  of  uniting  with  the  othei, 
to  produce  a new  individual.  These  organs,  belonging  to  the  two  dif- 
ferent sexes,  are  called  the  male  and 
female  organs  of  generation.  The  female 
organs  produce  a globular  body  called 
the  egg  or  germ , which  is  capable  of  be- 
ing developed  into  the  body  of  the  joung 
animal  or  plant;  the  male  organs  produce 
a substance  which  is  necessary  to  fecun- 
date the  germ,  and  enable  it  to  go  through 
with  the  process  of  growth  and  develop- 
ment. 

Such  are  the  essential  and  universal 
characters  of  the  organs  of  generation. 
These  organs,  however,  while  exhibiting 
everywhere  the  same  principal  featuies, 
present  certain  modifications  of  structure 
and  arrangement  in  different  classes  of 
organized  beings. 

In  the  flowering  plants,  the  blossom, 
which  is  the  generative  apparatus  (Fig. 
220),  consists  first  of  a female  organ  con- 
taining the  germ  (a),  situated  usually 
upon  the  highest  part  of  the  leaf-bearing 
stalk.  This  is  surmounted  by  a nearly 
straight  column,  termed  the  pistil  (6),  dilated  at  its  summit  into  a 
alobular  expansion,  and  occupying  the  centre  of  the  flower.  Around  it 
are  arranged  several  slender  filaments,  or  stamens,  bearing  upon  their 
extremities  the  male  organs,  or  anthers  (c,  c).  The  whole  is  sui i ounde 
by  a circle  or  crown  of  delicate  colored  leaves,  termed  the  corolla  (d), 
which  is  frequently  provided  with  a smaller  sheath  of  green  leaves  out- 
side, called  the  calyx  («)•  The  anthers,  when  arrived  at  matnnty, 
charge  a fine  organic  dust,  called  the  pollen,  the  grains  of  which  are 
caught  upon  the  estrentity  of  the  pistil.  Each  pollcu-gtam  then absorb 
the  nutritious  juices  with  which  it  is  in  contact,  and  develops  from  its 
substance  a tubular  prolongation,  the  pollen-tube,  w nc  , } 1 
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Blossom  op  Ipomcea  Pur- 
purea. (Morning-glory.)— a.  Germ. 
b.  Pistil,  c.  c.  Stamens,  with  anthers. 
d.  Corolla,  e.  Calyx. 
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tinued  growth,  penetrates  downward  through  the  tissues  of  the  pistil 
until  it  comes  in  contact  with  the  germ  below.  The  germ  thus  fecun- 
dated, the  process  of  generation  is  accomplished.  The  pistil,  anthers, 
and  corolla  wither  and  fall  off,  while  the  germ  increases  in  size,  and 
changes  in  form  and  texture,  until  it  ripens  into  the  mature  fruit  or 
seed.  It  is  then  ready  to  be  separated  from  the  parent  stem  ; and,  if 
placed  in  the  proper  soil,  will  germinate  and  produce  a new  plant  similar 
to  the  old. 

In  many  species  of  plants,  the  male  and  female  organs,  as  above 
described,  are  both  situated  upon  the  same  flower;  as  in  the  lily,  the 
violet,  the  convolvulus.  In  other  instances,  there  are  separate  male 
and  female  flowers  upon  the  same  plant,  of  which  the  male  flowers  pro- 
duce only  the  pollen,  the  female, 

the  germ  and  fruit.  In  others  still,  221- 

the  male  and  female  flowers  are 
situated  upon  different  plants, 
which  otherwise  resemble  each 
other,  as  in  the  willow,  the  poplar, 
the  sassafras. 

In  animals,  the  female  organs 
of  generation  are  called  ova?'ies, 
since  it  is  in  them  that  the  egg,  or 
“ ovum,”  is  produced.  The  male 
organs  are  the  testicles , which 
give  origin  to  the  fecundating  pro- 
duct, the  “sperm”  or  “seminal 
fluid,”  by  which  the  egg  is  fer- 
tilized. In  the  taenia  or  tapeworm, 
already  described  (page  674),  each 
articulation  contains  both  ovary 
and  testicle.  The  ovary  (Fig.  221, 
a,  a,  a ) is  a series  of  branching 
tubes  ending  in  rounded  follicles, 
and  communicating  with  a central 
canal.  The  testicle  (6)  is  a narrower  convoluted  tube,  closely  folded 
upon  itself,  and  opening  by  an  external  orifice  (c)  upon  the  lateral 
border  of  the  articulation.  The  seminal  fluid  produced  in  the  testicle 
is  introduced  into  the  female  generative  passage,  which  opens  at  the 
same  spot,  and,  penetrating  into  the  interior,  comes  in  contact  with  the 
eggsi  which  are  ther'ebjr  fecundated.  Each  egg  then  produces  a young 
embryo,  which  is  capable  of  being  afterward  developed  into  a full-grown 
taenia. 

In  various  other  families  of  invertebrate  animals,  as  the  snail,  the 
slug,  the  leech  and  the  earth  worm,  an  ovary  and  a testicle  are  both 
present  in  the  body  of  the  same  individual.  But  in  these  instances 
impregnation  is  effected  only  by  the  concurrent  action  of  two  different 
organisms;  and  when  sexual  union  takes  place,  the  eggs  produced  by 


Single  Articulation  of  Tjsnia 
Crassicollis,  from  the  cat. — a,  a,  a. 
Ovary  filled  with  eggs.  b.  Testicle,  c.  Genital 
orifice. 
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one  animal  are  fecundated  by  the  seminal  fluid  of  another,  and  vice 
versa. 

In  all  the  vertebrate  animals,  on  the  other  hand,  the  two  sets  of 
generative  organs  are  located  in  separate  individuals ; and  the  species 
is  divided  into  two  sexes,  male  and  female.  Beside  this,  there  are,  in 
most  instances,  certain  secondary  or  accessory  organs  of  generation, 
which  assist  in  the  accomplishment  of  the  process,  and  which  occasion 
a corresponding  difference  in  the  anatomy  of  the  two  sexes.  In  some 
cases  this  difference  is  so  great  that  the  male  and  female  would  never 
be  recognized  as  belonging  to  the  same  species,  unless  they  were  seen 
in  company  with  each  other,  and.  were  known  to  reproduce  the  species 
by  sexual  congress.  Not  to  mention  some  extreme  instances  of  this 
among  insects  and  other  invertebrate  animals,  it  is  sufficient  to  refer  to 
the  well-known  examples  of  the  cock  and  the  hen,  the  lion  and  lioness, 
the  buck  and  the  doe.  In  the  human  species,  the  distinction  between 
the  sexes  shows  itself  in  the  mental  constitution,  the  disposition,  habits, 
and  pursuits,  as  well  as  in  the  general  conformation  of  the  body,  and 
the  external  appearance. 

The  special  details  of  the  generative  process  depend  upon  the  struc- 
ture of  the  male  and  female  organs,  the  manner  in  which  their  products 
are  formed  and  discharged,  the  union  of  the  two  in  the  act  of  fecunda- 
tion, and  the  changes  which  take  place  in  the  development  of  the 
embryo. 


CHAPTER  III. 

THE  EGG,  AND  THE  FEMALE  ORGANS  OF 

generation. 

The  egg,  in  man  and  in  all  species  of  mammalians,  presents  an  essen- 
tial similarity  of  form,  size,  and  structure.  It  is  a globular  body,  about 
0.^5  millimetie  in  diameter,  and  consists  of  two  parts,  namely,  first, 
an  external  closed  sac,  the  vitelline  membrane ; and,  secondly,  a sphe- 
rical mass  contained  in  its  interior,  the  vitellus.  Of  these  two,  the 
vitellus  is  the  essential  constituent  part  of  the  egg,  since  it  is  from  its 
substance  that  the  rudiments  of  the  embryo  are  formed.  The  vitelline 
membrane  is  a protective  envelope,  destined 
to  maintain  the  form  and  integrity  of  the 
vitellus. 

Vitelline  Membrane The  vitelline  mem- 

brane is  a smooth,  transparent,  colorless 
layer,  about  .01  millimetre  in  thickness. 

When  viewed  with  magnifying  powers  suffi- 
ciently moderate  to  include  the  view  of  the 
whole  egg,  the  membrane  presents  a perfectly 
homogeneous  aspect ; although  with  higher 
powers,  according  to  Klein,  it  exhibits  an 
appearance  of  vertical  striations.  Notwith- 
standing its  delicacy  and  transparency,  it  is 
very  elastic,  and  has  a considerable  degree 
of  retistance.  If  the  egg  of  the  human  species,  or  of  any  of  the  mam- 
malians, be  placed  under  the  microscope,  surrounded  by  fluid  and 
covered  with  a thin  slip  of  glass,  it  may  be  perceptibly  flattened  out 
by  pressing  upon  the  cover-glass  with  the  point  of  a steel  needle ; and 
when  the  pressure  is  removed  it  readily  resumes  its  globular  form. 
W hen  the  CSS  partially  flattened  in  this  way,  by  the  pressure  of  a 
needle  br  by  the  weight  of  the  cover-glass,  the  apparent  thickness  of  the 
vitelline  membrane  is  increased,  giving  it  the  appearance  of  a rather 
wide,  pellucid  border  or  zone,  surrounding  the  granular  and  compara- 
tively opaque  vitellus.  From  this  circumstance  it  has  sometimes  re- 
ceived the  name  of  the  “zona  pellucida.” 

In  the  vitelline  membrane  of  many  invertebrates,  and  also  in  that  of 
fishes,  a minute  opening  has  been  discovered,  termed  the  “ micropyle  ” 
leading  into  the  interior  of  the  vitelline  cavity;  and  it  is  through  this 
opening  that  the  filaments  of  the  male  seminal  fluid  penetrate,  to  reach 
the  vitellus.  It  is  very  possible  that  such  an  opening  may  also  exist 
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Human  Ovum,  magnified  75 
diameters. — ar  Vitelline  mem- 
brane. b Vitellus.  c.  Germi- 
native  vesicle,  d.  Germinative 
spot. 
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in  the  vitelline  membrane  of  man  and  the  other  vertebrate  animals ; but 
the  globular  form  of  the  egg,  the  transparent  and  homogeneous  texture 
of  the  vitelline  membrane,  and  the  absence  of  any  other  material,  ol  dif- 
ferent refractive  power,  in  the  canal  or  orifice  of  the  micropyle  itself, 
prevent  its  being  detected  in  microscopic  examination. 

Vitellus. The  vitcllus  is  a globular  mass,  of  semifluid,  tenacious  con- 

sistency, composed  of  a transparent  and  colorless  albuminous  material, 
with  oleaginous  looking  granules  thickly  disseminated  throughout  its 
substance.  Owing  to  the  physical  admixture  ot  these  two  constituents, 
it  has  a distinctly  granular  aspect,  and  a considerable  degree  of  opacity. 
Imbedded  in  the  vitellus,  at  a point  near  its  surface,  and  consequently 
almost  immediately  beneath  the  vitelline  membrane,  is  a clear,  colorless, 
transparent  vesicle,  of  a rounded  form,  the  germinative  vesicle.  In  the 
mammalian  egg,  this  vesicle  measures  about  .04  millimetre  in  diametei. 
It  presents  upon  its  surface  a nucleus-like  spot,  known  by  the  name  of 
the  germinative  spot.  Both  the  germinative  vesicle  and  gei  initiate  spot 
are  partially  concealed,  in  the  uninjured  condition  of  the  egg,  by  the 
grannies  of  the  surrounding  vitellus. 

If  the  egg,  while  under  the  microscope,  be  ruptured  by  continued 
pressure  upon  the  covering  glass,  the  semifluid  vitellus  is  gradually 

expelled  by  the  elasticity  of  the  vitelline  mem- 
brane. It  retains  the  granules  imbedded  in 
its  substance,  but  often  allows  the  germina- 
tive  vesicle  to  become  detached,  and  therefore 
more  distinctly  visible. 

In  man  and  the  mammalians,  the  simple 
form  of  egg  above  described,  consisting  mainly 
of  a vitellus  of  minute  size,  is  sufficient  for  the 
production  of  the  embryo,  since  it  is  retained, 
after  fecundation,  in  the  interior  of  the  gene- 
rative passages,  and  absorbs  the  nutritious 
materials  for  its  subsequent  growth  from  the 
tissues  of  the  female  parent.  In  the  naked 
reptiles  and  in  most  fish,  where  the  eggs  are 
deposited  and  hatched  in  the  water,  the  vitel- 
lun  ib  tiiBu  wi  , since  the  hatching  takes  place  at  a compara- 

tively early  period  of  development,  and  the  requisite  additional  fluid 
is  supplied  from  the  surrounding  medium.  But  in  birds,  and  in  most 
of  the  scaly  reptiles,  as  serpents,  turtles,  and  lizards,  the  eggs  are  de- 
posited in  a nest  or  in  the  ground,  and  there  is  consequently  no  external 
source  of  nutrition  for  the  support  and  growth  of  the  embryo  during 
its  development.  In  these  instances  the  vitellus,  or  “yolk,”  is  of  large 
size:  and  the  bulk  of  the  egg  is  still  further  increased  by  the  addition, 
within  the  female  generative  passages,  of  layers  of  albumen  and  various 
external  fibrous  and  calcareous  envelopes.  The  essential  constituen  s 
of  the  egg,  nevertheless,  still  remain  the  same  m character,  and  the 
process  of  embryonic  development  follows  its  usual  course. 


Human  Ovum,  ruptured 
by  pressure,  showing  the  vi- 
tellus  partially  expelled,  the 
germinative  vesicle,  with  its 
germinative  spot,  at  a and  the 
smooth  fracture  of  the  vitel- 
line membrane. 

lus  is  also  of  small  size 
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Ovaries  and  Oviducts. — The  eggs  are  produced  in  the  interior  of 
certain  organs,  situated  in  the  abdominal  cavity,  called  the  ovaries. 
These  organs  consist  of  a mass  of  vascular  connective  tissue,  inclosing 
a number  of  globular  sacs  or  follicles,  the  “ Graafian  follicles so 
called  from  the  name  of  the  anatomist  who  first  fully  described  them1 
as  constituent  parts  of  the  ovary.  Each  Graafian  follicle  contains  an 
egg,  which  varies  more  or  less  in  size  and  appearance  in  different  classes 
of  animals,  but  which  has  always  the  same  essential  characters,  and 
is  produced  in  the  same  way. 

The  egg  thus  grows  in  the  interior  of  the  ovarian  sac,  like  a tooth  in 
its  follicle  ; and  forms,  accordingly,  a constituent  part  of  the  body  of 
the  female.  It  is  destined  to  be  subsequently  separated  from  its  at- 
tachments, and  thrown  off ; but  until  that  time,  it  is  one  of  the  elements 
of  the  tissue  of  the  ovary,  and  is  nourished  like  any  other  portion  of  the 
female  organism. 

Since  the  ovaries  are  the  organs  directly  concerned  in  the  production 
of  the  egg,  they  form  the  most  essential  part  of  the  female  generative 
apparatus.  Beside  them,  there  are  usually  present  certain  other  organs, 
which  play  a secondary  part  in  the  process  of  generation.  The  most 
important  of  these  accessory  organs  are  two  symmetrical  tubes,  or 
oviducts , destined  to  receive  the  eggs  at  their  inner  extremity  and  con- 
vey them  to  the  external  generative  orifice.  The  mucous  membrane 
lining  the  oviducts  is  also  adapted  bjr  its  structure  to  supply  certain 
secretions  during  the  passage  of  the  egg, 
which  are  requisite,  either  to  complete  its 
formation,  or  to  provide  for  the  nutrition 
of  the  embryo. 

In  the  frog,  the  oviduct  commences  at 
the  upper  part  of  the  abdomen,  by  a rather 
wide  orifice,  communicating  directly  with 
the  peritoneal  cavity.  It  soon  afterward 
contracts  to  a narrow  tube,  and  pursues  a 
zigzag  course  down  the  side  of  the  abdo- 
men (Fig.  224),  folded  upon  itself  in  nume- 
rous convolutions,  until  it  opens,  near  its 
fellow  of  the  opposite  side,  into  the  “ clo- 
aca” or  lower  part  of  the  intestinal  canal. 

The  oviducts  present  the  general  charac- 
ters described  above  in  nearly  all  species 
of  reptiles  and  birds. 

The  ovaries,  as  well  as  the  eggs  which 

they  contain,  undergo  at  particular  sea-  „ 

J Female  Generative  Or- 

sons  a periodical  development  or  increase  oaks  op  fhoq.— a,  a Ovaries. 

ingrowth.  In  the  female  frog,  during  the  6 Oviducts,  c,  c.  Their  interim/ 

a oi  o ounces,  a.  Cloaca,  showing  inle- 

latter  part  of  summer  or  the  fall,  the  ova-  nor  orifices  of  oviducts. 


Fig.  224. 


1 Regner  de  Graaf,  Opera  Omnia.  Amstelaidami,  1705,  p.  228. 
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lies  appear  like  small  clusters  of  minute  and  nearly  colorless  eggs,  the 
smaller  of  which  are  perfectly  transparent  and  less  than  0.18  millimetre 
in  diameter.  But  in  the  early  spring,  when  the  season  of  reproduction 
approaches,  the  ovaries  increase  to  four  or  five  times  their  former  size, 
forming  large  lobulated  masses,  crowded  with  dark-colored  opaque 
eggs,  each  2 millimetres  in  diameter.  At  the  generative  season,  in  all 
the  lower  animals,  a certain  number  of  eggs,  which  were  previously  in 
an  imperfect  condition,  increase  in  size  and  become  altered  in  structure. 
The  vitellus  especially,  which  was  before  colorless  and  transparent,  be- 
comes granular  and  increased  in  volume;  and  it  assumes  at  the  same 
time  a black,  brown,  yellow,  or  orange  color.  In  the  mammalian  egg 
the  change  consists  only  in  an  increase  of  size  and  granulation,  without 
any  remarkable  alteration  of  color. 

The  eggs,  as  they  ripen  in  this  way,  gradually  distend  the  Graafian 
follicles  and  project  from  the  surface  of  the  ovary.  When  fully  ripe, 
they  are  discharged  by  a rupture  of  the  follicles,  and,  passing  into  the 
oviducts,  are  conveyed  to  the  external  generative  orifice,  and  there  ex- 
pelled. In  successive  seasons,  successive  crops  of  eggs  enlarge,  ripen, 
leave  the  ovaries,  and  are  discharged.  Those  which  are  to  be  expelled 
at  the  next  generative  epoch  may  be  recognized  by  their  greater  degree 
of  development ; and  in  this  way,  in  many  animals,  the  eggs  of  no  less 
than  three  different  crops  may  be  distinguished  in  the  ovary  at  once, 
namely,  1st,  those  which  are  perfectly  mature  and  ready  to  be  dis- 
charged ; 2d,  those  which  are  to  ripen  in  the  following  season  ; and  3d, 
those  which  are  as  yet  inactive  and  undeveloped.  In  most  fish  and 
reptiles,  as  well  as  in  birds,  this  regular  process  of  the  ripening  and 
discharge  of  eggs  takes  place  but  once  a year.  In  different  species  of 
quadrupeds  it  may  occur  annually,  semi-annually,  bi-monthly,  or  even 
monthly ; but  in  every  instance  it  returns  at  regular  intervals,  and 
exhibits,  therefore,  a well-marked  periodical  character. 

Action  of  the  Oviducts  and  Female  Generative  Passages. — In  the 
frog,  after  the  ripening  of  the  eggs  and  their  discharge  from  the  ovarian 
follicles,  they  receive  an  additional  investment  while  passing  through 
the  oviducts.  At  the  time  of  leaving  the  ovary,  the  eggs  consist  simply 

of  the  dark-colored  and  granular  vitellus, 
inclosed  in  the  vitelline  membrane.  Thej' 
are  received  by  the  inner  extremity  of 
the  oviducts,  and  carried  downward  by 
the  peristaltic  movement  of  these  canals, 
aided  by  the  contraction  of  the  abdominal 
muscles.  During  their  passage,  the  mu- 
cous membrane  of  the  oviduct  secretes 
an  albuminous  substance,  wrhich  is  de- 
posited in  successive  layers,  forming 
round  each  egg  a thick  coating  or  en- 
velope (Fig.  22b).  When  the  eggs  arc  discharged,  this  envelope 
absorbs  moisture  from  the  water  in  which  the  spawn  is  deposited,  and 


Fig.  225. 


Mature  Frogs’  Eggs.  - a- 
While  still  in  the  ovary,  b.  After 
passing  through  the  oviduct. 
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swells  into  a transparent  gelatinous  mass,  in  which  the  eggs  are  sepa- 
rately imbedded.  It  supplies,  by  its  subsequent  liquefaction  and  ab- 
sorption, a certain  amount  of  nutritious  material,  for  the  development 
and  growth  of  the  embryo. 

In  the  scaly  reptiles  and  in  birds,  the  oviducts  perform  a more  im- 
portant function.  In  the  common  fowl,  the  ovary  consists,  as  in  the 
frog,  of  follicles,  loosely  united  by  connective  tissue,  and  containing  eggs 
in  different  stages  of  development  (Fig.  226,  a).  As  the  egg  which  is 
approaching  maturity  enlarges,  it  distends  the  cavity  of  its  follicle,  and 
projects  farther  from  the  general  surface  of  the  ovary ; so  that  it  hangs 
at  last  into  the  peritoneal  cavity,  retained  only  bj'  the  attenuated  wall 
of  the  follicle,  and  a slender  pedicle  through  which  run  the  bloodvessels 
by  which  its  circulation  is  supplied.  A rupture  of  the  follicle  then 
occurs  at  its  most  prominent  part,  and  the  egg  is  discharged  from  the 
lacerated  opening. 

At  the  time  of  leaving  the  ovary,  the  egg  of  the  fowl  consists  of  a 
large,  globular,  orange-colored  vitellus,  or  “yolk,”  inclosed  in  a thin 
and  transparent  vitelline  membrane.  Immediately  underneath  the 
vitelline  membrane,  at  one  point  upon  the  surface  of  the  vitellus,  is  a 
round  white  spot,  consisting  of  a layer  of  minute  granules,  termed  the 
“ cicatricula,”  in  which  the  germinative  vesicle  is  imbedded  at  an  early 
stage  of  the  development  of  the  egg.  At  the  time  of  its  discharge  from 
the  ovary,  the  germinative  vesicle  has  usually  disappeared ; but  the 
cicatricula  is  still  an  important  part  of  the  vitellus,  and  it  is  from  this 
sjDot  that  the  body  of  the  chick  begins  afterward  to  be  developed. 

As  the  egg  protrudes  from  the  surface  of  the  ovary,  it  projects  into 
the  inner  orifice  of  the  oviduct ; so  that,  when  discharged  from  its 
follicle,  it  is  embraced  by  the  upper  expanded  extremity  of  this  tube, 
and  commences  its  passage  downward.  In  the  fowl,  the  muscular  coat 
of  the  oviduct  is  highly  developed,  and  its  peristaltic  contractions  urge 
the  egg  from  above  downward,  somewhat  in  the  same  manner  as  the 
oesophagus  or  the  intestines  transport  the  food  in  a similar  direction. 
While  passing  through  the  first  five  or  six  centimetres  of  the  oviduct 
(c,  d ),  where  the  mucous  membrane  is  smooth  and  transparent,  the 
yolk  absorbs  a certain  quantity  of  fluid,  becoming  consequently  rather 
more  flexible  and  yielding  in  consistency.  It  then  passes  into  a second 
division  of  the  generative  canal,  in  which  the  mucous  membrane  is 
thicker  and  more  glandular,  and  is  thrown  into  longitudinal  folds. 
This  portion  of  the  oviduct  (d,  e)  extends  over  about  22  centimetres, 
or  more  than  one-half  its  entire  length.  In  its  upper  part,  the  mucous 
membrane  secretes  a viscid  material,  by  which  the  yolk  is  incased, 
and  which  soon  consolidates  into  a gelatinous  deposit,  thus  forming  a 
second  envelope,  outside  the  vitelline  membrane. 

The  peristaltic  movements  of  this  part  of  the  oviduct  are  such  as  to 
give  a rotary,  as  well  as  a progressive  motion  to  the  egg ; and  by  this 
means  the  two  extremities  of  the  gelatinous  envelope  become  twisted 
in  opposite  directions;  forming  two  whitish  looking  cords,  attached 
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to  the  opposite  poles  of  the  egg.  These  cords  are  termed  the  “ chalazae,” 
and  the  membrane  ‘with  which  they  are  connected,  the  “ chalaziferous 
membrane.” 


Throughout  the  remainder  of  the  second  division  of  the  oviduct,  the 
mucous  membrane  exudes  an  albuminous  substance,  which  is  deposited 
in  successive  layers  round  the  yolk,  inclosing  the  chalaziferous  mem- 
brane and  the  chalazae.  This  substance, 
Fig.  22G.  the  So-called  albumen,  or  “ white  of  egg,” 

is  gelatinous  in  consistency,  nearly  trans- 
parent, and  of  a faint  amber  color.  It  is 
deposited  in  greater  abundance  in  front 
of  the  advancing  egg  than  behind  it,  and 
thus  forms  a conical  projection  anteriorly, 
while  behind,  its  outline  is  parallel  with 
the  spherical  surface  of  the  jmlk.  In  this 
way,  the  egg  acquires,  when  covered  with 
its  albumen,  an  ovoid  form,  of  which 
one  end  is  round,  the  other  pointed  ; the 
pointed  extremity  being  directed  down- 
ward, as  the  egg  descends  along  the 
oviduct. 

In  the  third  division  of  the  oviduct 
(/),  which  is  about  nine  centimetres  in 
length,  the  mucous  membrane  is  arranged 
in  longitudinal  folds,  which  are  narrower 
and  more  closely  packed  than  in  the 
preceding  portion.  The  material  secreted 
in  this  part  condenses  into  a firm  fibrous 
covering,  composed  of  three  different 
layers  which  closely  embrace  the  surface 
of  the  albuminous  mass,  forming  a tough, 
flexible,  semi-opaque  envelope  for  the 
whole.  These  layers  are  known  as  the 
external,  middle,  and  internal  fibrous 
membranes  of  the  egg. 

Finally  the  egg  passes  into,  the  fourth 
division  of  the  oviduct  (y),  which  is  wider 
than  the  rest  of  the  canal,  but  only  a 
little  over  five  centimetres  in  length. 
Here  the  mucous  membrane,  which  is 
arranged  in  abundant  projecting,  leaf- 
like villosities,  exudes  a fluid  rich  in 


Femah  Generative  Organs  of  the  Fowl  — a.  Ovary,  b.  Graafian  follicle, 
from  which  the  egg  has  just  been  discharged,  c.  Yolk,  entering  upper  extremity  of  oviduct. 
d e Second  division  of  oviduct,  in  which  the  chalaziferous  membrane,  chalazie,  and  albumen 
are  formed.  /.  Third  portion,  in  which  the  fibrous  shell  membranes  are  produced,  g.  F ourth 
portion  laid  open,  showing  the  egg  completely  formed,  with  its  calcareous  shell,  h.  R arrow 
canal  through  whioh  the  egg  is  discharged. 
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calcareous  salts.  The  most  external  of  the  three  membranes  above 
described  is  permeated  by  this  secretion ; and  soon  afterward,  owing  to 
the  reabsorption  of  its  fluid  parts,  the  calcareous  matter  begins  to  crys- 
tallize in  the  fibrous  network  of  the  membrane.  This  deposit  ot  calcare- 
ous matter  goes  on,  growing  thicker  and  more  condensed,  until  the 
external  envelope  is  converted  into  a white,  opaque,  brittle,  calcareous 
shell,  which  incloses  the  remaining  portions  and  protects  them  from 
injury.  The  egg  is  then  forced  through  a narrow  portion  of  the  oviduct 
(h),  and,  gradually  dilating  the  passages  by  its  conical  extremity,  is 
finally  discharged  from  the  external  orifice. 

The  egg  of  the  fowl,  after  its  expulsion,  consists,  accordingly,  of  vari- 
ous parts ; some  of  which,  as  the  yolk  and  the  vitelline  membrane, 
entered  into  its  original  formation,  while  the  remainder  have  been 
deposited  round  it  during  its  passage  through  the  oviduct. 

After  the  discharge  of  the  egg  there  is  a partial  evaporation  of  its 
watery  ingredients,  which  are  replaced  by  air  penetrating  through  the 
pores  of  the  shell  at  its  rounded  extremity.  The  air  thus  introduced 
accumulates  between  the  middle  and  internal  fibrous  membranes,  form- 
ing a cavity  or  air-chamber  (g),  at  the  rounded  end  of  the  egg.  Very 


Fig.  227. 


Diagram  of  Fowl’s  Ego.—  a.  Yolk.  b.  Vitelline  membrane,  c.  Ohalaziferous 
membrane,  d.  Albumen.  e,f.  Middle  and  internal  shell  membranes,  g.  Air-chamber. 
h.  Calcareous  shell. 

soon,  the  external  layers  of  the  albumen  liquefy ; and  the  vitellus,  being 
specifically  lighter  than  the  albumen,  rises  toward  the  surface  of  the 
egg,  with  the  cicatricula  uppermost.  This  part  presents  itself  almost 
immediately  on  breaking  open  the  egg  at  any  point  corresponding  to 
the  equator  of  the  yolk,  and  is  placed  in  the  most  favorable  position 
for  the  action  of  warmth  and  atmospheric  air  in  the  development  of  the 
chick. 

The  vitellus,  therefore,  is  still  the  essential  constituent  part,  even  in 
the  large  and  highly  complicated  fowl’s  egg ; while  the  remainder  con- 
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siats  of  nutritious  material,  provided  for  the  support  of  the  embryo, 
and  of  protective  envelopes,  like  the  shell  and  fibrous  membranes. 

In  the  quadrupeds,  another  important  modification  of  the  oviducts 
takes  place.  In  these  animals,  the  egg,  which  is  originally  of  minute 
size,  is  retained  within  the  generative  passages  of  the  female  during  the 
development  of  the  embryo.  While  the  upper  part  of  the  oviduct, 
accordingly,  is  quite  narrow,  and  serves  merely  to  transmit  the  egg 
fiom  the  ovary,  and  to  supply  it  with  a little  albuminous  secretion,  the 
lower  portions  are  much  increased  in  size,  and  are  lined  with  a mucous 
membrane  whicli  is  adapted  to  provide  for  the  protection  and  nourish- 
ment of  the  embryo  during  gestation.  The  upper  and  narrower  por- 
tions of  the  oviduct  are  known  as  the  “Fallopian  tubes,”  from  Fallopius' 
who  first  described  them  in  the  human  female;  while  the  lower  and 


Fig.  228. 


Uterus  and  Ovaries  op  the  Sow.— a,  a.  Ovaries.  b,b.  Fallopian  tubes. 
c,  c.  Horns  of  the  uterus,  d.  Body  of  the  uterus,  e.  Vagina. 

more  highly  developed  portions  constitute  the  uterus.  The  two  halves 
of  the  uterus  unite  with  each  other  upon  the  median  line  near  their 
inferior  termination,  to  form  a central  organ,  termed  its  “body;”  while 
the  ununited  parts  are  known  as  its  “cornua”  or  “horns.” 

In  the  human  species,  the  ovaries  consist  of  Graafian  follicles,  imbed- 
ded in  a somewhat  dense  connective  tissue,  supplied  with  an  abundance 
of  bloodvessels,  and  covered  with  an  opaque,  yellowish-white  layer  of 
fibrous  tissue,  called  the  “ albugineous  tunic.”  Over  the  whole  is  a layer 
of  peritoneum,  which  is  reflected  upon  the  bloodvessels  supplying  the 
ovary,  and  is  continuous  with  the  broad  ligaments  of  the  uterus  ; but 
which  elsewhere  is  closely  consolidated  with  the  albugineous  tunic. 

The  oviducts  commence  by  a wide  expansion,  provided  with  fringed 
edges,  called  the  “ fimbriated  extremity  of  the  Fallopian  tube.”  The 
Fallopian  tubes  themselves  are  narrow  and  convoluted,  terminating,  on 
each  side,  in  the  upper  part  of  the  body  of  the  uterus.  The  body  of  the 
uterus,  in  the  human  species,  is  so  much  developed  at  the  expense  of  the 
cornua,  that  the  latter  hardly  appear  to  have  an  existence,  and  no  trace 
of  them  is  visible  externally.  But  on  opening  the  uterus,  its  cavity  is 


' Opera  Omnia.  Francofurti,  1600.  Obscrvationes  Anatomicae,  p.  421. 
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seen  to  be  somewhat  triangular  in  shape,  its  two  superior  angles  running 
out  to  join  the  lower  extremities  of  the  Fallopian  tubes.  This  portion 
evidently  consists  of  the  cornua,  which  have  been  consolidated  with  the 
body  of  the  uterus,  and  enveloped  in  its  thickened  layer  of  muscular 
fibres. 


Fig.  229. 


Oekerative  Organs  of  the  Human  Female.— a,  a.  Ovaries,  b,  b.  Fallopian 
tubes,  c.  Body  of  the  uterus,  d.  Cervix,  e.  Vagina. 

The  cavity  of  the  body  of  the  uterus  terminates  below  by  a con- 
stricted portion,  termed  the  os  internum,  by  which  it  is  separated  from 
the  cervix.  These  two  cavities  are  not  only  different  from  each  other 
in  shape,  but  also  in  the  structure  of  their  mucous  membrane  and  in  the 
functions  which  they  perform. 

The  mucous  membrane  of  the  body  of  the  uterus  in  its  usual  condi- 
tion is  smooth  and  rosy  in  color,  and  closely  adherent  to  the  subjacent 
muscular  tissue.  It  consists  of  tubular  follicles,  ranged  side  by  side, 
and  opening  by  distinct  orifices  upon  its  free  surface.  The  secretion  of 
these  follicles  is  destined  for  the  nutrition  of  the  embryo  during  the 
earlier  periods  of  its  formation. 

The  internal  surface  of  the  cervix,  on  the  other  hand,  is  raised  in 
prominent  ridges,  arranged  usually  in  two  lateral  sets,  diverging  from  a 
central  longitudinal  ridge ; presenting  the  appearance  known  as  the 
“ arbor  vitae  uterina.”  The  follicles  of  this  part  of  the  uterine  mucous 
membrane  are  of  a globular  or  sac-like  form,  and  secrete  a tenacious 
mucus,  which  serves,  during  gestation,  to  block  up  the  cavity  of  the 
cervix,  and  thus  to  prevent  the  escape  or  injury  of  the  egg. 

The  cavity  of  the  cervix  uteri  is  terminated  interiorly  by  a second 
constriction,  the  “ os  externum;”  and  below  this  comes  the  vagina, 
which  constitutes  the  last  division  of  the  female  generative  passages. 

The  accessory  female  organs  of  generation  consist,  therefore,  of  ducts 
or  tubes,  by  means  of  which  the  egg  is  conveyed  from  within  outward. 
These  ducts  vary  in  the  degree  and  complication  of  their  development, 
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in  different  kinds  of  animals,  according  to  the  importance  of  the  func- 
tion which  they  perform.  In  the  lower  orders,  they  serve  mainly  to 
convey  the  egg  to  the  exterior,  and  to  supply  it  more  or  less  abundantly 
with  an  albuminous  se'cretion  ; while  in  the  mammalia  and  in  man,  they 
are  adapted  to  the  more  important  office  of  retaining  the  egg  during  the 
period  of  gestation,  and  of  providing  during  the  same  time  for  the  nour- 
ishment of  the  embryo. 


i 


CHAPTER  IY. 

THE  SEMINAL  FLUID,  AND  THE  MALE  ORGANS  OF 

GENERATION. 

The  mature  egg  is  not  by  itself  capable  of  being  developed  into  the 
embryo.  If  simply  discharged  from  the  ovary  and  carried  through  the 
oviducts  to  the  exterior,  it  soon  dies  and  is  decomposed,  like  any  other 
portion  of  the  body  separated  from  its  connections.  It  is  only  when 
fecundated  by  the  seminal  fluid  of  the  male,  that  it  is  stimulated  to  con- 
tinued development,  and  becomes  capable  of  more  complete  organiza- 
tion. 

The  product  of  the  male  generative  organs  is  a colorless,  somewhat 
viscid,  albuminous  fluid,  containing  minute  filamentous  bodies,  the  sper- 
matozoa. This  name  has  been  given  to  the  bodies  in  question  on  ac- 
count of  their  exhibiting,  when  recently  discharged,  a very  active  and 
continuous  movement  suggesting  the  idea  of  an  independent  animal 
organization. 

Anatomical  Characters  of  the.  Spermatozoa.— The  spermatozoa  of  man 
(Fig.  230,  a)  are  about  .045  millimetre  in  length,  according  to  the  mea- 
surements of  Kolliker.  Their  anterior  extremity  presents  a somewhat 
flattened  triangular-shaped  enlargement,  termed  the  “head,”  which  con- 
stitutes about  one-tenth  part  the  entire  length  of  the  spermatozoon. 
The  remaining  portion  is  a slender  filamentous  prolongation,  called  the 
“ tail,”  which  tapers  gradually  backward,  becoming  so  exceedingly  deli- 
cate toward  its  extremity,  that  it  is  difficult  to  be  seen  except  when  in 
motion.  There  is  no  further  organization  visible  in  any  part  of  the 
spermatozoon  and  the  whole  appears  to  consist,  so  fai  as  can  be  seen 
by  the  microscope,  of  a homogeneous  substance.  The  terms  head  and 
tail,  as  remarked  by  Bergmann  and  Leuckart,1  are  not  used,  when  de- 
scribing the  different  parts  of  the  spermatozoon,  in  the  same  sense  as 
that  in  which  they  would  be  applied  to  the  corresponding  parts  of  an 
animal ; but  simply  for  the  sake  of  convenience,  as  one  might  speak  of 
the  head  of  an  arrow  or  the  tail  of  a comet. 

In  the  lower  vertebrate  animals,  the  spermatozoa  have  the  same  gen- 
eral form  as  in  man  ; that  is,  they  are  filamentous  bodies,  with  the  ante- 
rior extremity  more  or  less  enlarged.  In  the  rabbit,  the  head  is  roundish 
and  flattened  in  shape,  somewhat  resembling  a blood  globule.  In  the 
rat  (Fig.  230,  b ) they  are  much  larger  than  in  man,  measuring  nearly 
0.20  millimetre  in  length.  The  head  is  of  a conical  form,  about  one- 

1 Vergleichende  Physiologie.  Stuggart,  1852. 
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twentieth  the  whole  length  of 
the  filament,  and  often  slightly 
curved  at  its  anterior  extremity. 
In  the  frog  and  in  reptiles  gen- 
erally, the  spermatozoa  are  lon- 
ger than  in  quadrupeds.  In 
Menobranchus,  the  great  Amer- 
ican water-lizard,  they  are  of 
very  unusual  size  (Fig.  230,  c), 
measuring  not  less  than  0.57 
millimetre  in  length,  about  one- 
third  of  which  is  occupied  by 
the  head,  or  enlarged  portion 
of  the  filament. 

The  most  remarkable  peculi- 
arity of  the  spermatozoa,  as  seen 
under  the  microscope,  is  their 
rapid  and  energetic  movement. 
In  a drop  of  fresh  seminal  fluid, 
if  kept  sufficiently  moistened 
and  at  its  normal  temperature, 
the  numberless  filaments  with 
which  it  is  crowded  are  seen  to 
be  in  a state  of  incessant  mo- 
tion. In  many  species  of  ani- 
mals, the  movement  of  the  sper- 
matozoa strongly  resembles  that  of  a tadpole ; particularly  when,  as  in 
the  mammalia,  they  consist  of  a short,  well-defined  head,  followed  by 
a long  and  slender  tail.  The  tail-like  filament  keeps  up  a constant  lat- 
eral vibratory  movement,  by  which  the  spermatozoon  is  driven  from 
place  to  place  in  the  seminal  fluid,  as  a fish  or  a tadpole  is  propelled 
through  the  water.  In  other  instances,  as  in  the  Triton,  or  water  lizard, 
the  spermatozoa  have  a continuous  writhing  or  spiral-like  movement ; 
presenting  a peculiarly  elegant  appearance  when  large  numbers  are 
viewed  together. 

It  is  this  movement  which  gave  origin  to  the  name  of  spermatozoa, 
to  designate  the  filaments  of  the  spermatic  fluid.  But,  notwithstanding 
its  active  character,  and  its  resemblance  in  mechanism  to  the  locomo- 
tion of  certain  animals,  it  has  no  analogy  with  a voluntary  act. 

The  spermatozoa  are  organic  forms,  produced  in  the  testicles,  and 
constituting  a part  of  their  tissue;  just  as  the  eggs,  which  are  pro- 
duced in  the  ovaries,  naturally  form  a part  of  the  texture  of  these  or- 
gans. Like  the  egg,  the  spermatozoon  is  destined  to  be  discharged 
from  the  organ  where  it  grew,  and  to  retain,  for  a certain  time  after- 
ward, its  vital  properties.  One  of  these  properties  is  its  power  of  move- 
ment ; but  this  does  not  indicate  the  possession  of  independent  vitality, 
and  is  not  even  necessarily  a proof  of  its  animal  origin.  The  move- 
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Spehmatozoa. — a.  Human,  b.  Of  the  rat. 
c.  Of  Menobranchus.  Magnified  480  times. 
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ment  of  a spermatozoon  is  not  more  active  than  that  of  a bacterium 
cell,  or  that  of  the  ciliated  zoospores  of  certain  fresh-water  algre.  It 
is  more  strictly  analogous  to  the  motion  of  a ciliated  epithelium  cell 
when  detached  from  its  mucous  membrane,  which  will  sometimes  con- 
tinue for  many  hours,  if  kept  under  favorable  conditions  of  temperature 
and  moisture.  The  power  of  movement  manifested  by  the  spermatozoa 
also  continues  for  a time  after  their  separation  from  the  rest  of  the  body  ; 
but  it  is  limited  in  duration,  and  after  a certain  interval  comes  to  an 
end. 

In  order  to  preserve  their  vitality,  the  spermatozoa  must  be  kept  at 
or  near  the  normal  temperature  of  the  body,  and  preserved  from  the 
contact  of  air  or  other  unnatural  fluids.  If  the  seminal  fluid  he  allowed 
to  dry,  or  if  it  be  diluted  by  water,  in  the  case  of  birds  and  quadrupeds, 
or  if  it  be  subjected  to  extremes  of  heat  or  cold,  the  motion  ceases,  and 
the  spermatozoa  soon  begin  to  disintegrate. 

Formation  of  th  e Spermatozoa. — The  spermatozoa  are  produced  in  the 
interior  of  certain  glandular-looking  organs,  the  testicles , which  are 
characteristic  of  the  male,  as  the  ovaries  are  characteristic  of  the  female. 
In  man  and  mammalia,  the  testicles  are  solid,  ovoid-shaped  bodies,  com- 
posed of  long,  narrow,  convoluted  tubes,  the  “seminiferous  tubes,”  some- 
what similar  to  the  tubuli  uriniferi  of  the  kidneys.  They  lie  for  the 
most  part  closety  in  contact  with  each  other,  nothing  intervening  between 
them  except  capillary  bloodvessels  and  a little  connective  tissue.  They 
commence,  by  rounded  extremities,  near  the  external  surface  of  the 
testicle  and  pursue  an  intricately  convoluted  course  toward  its  central 
and  posterior  part.  They  are  not  strongly  adherent  to  each  other,  but 
may  be  readily  unravelled  by  manipulation. 

According  to  the  investigations  of  Kolliker,  the  formation  of  the 
spermatozoa  takes  place  within  peculiar  cells  occupying  the  cavity  of 
the  seminiferous  tubes.  As  the  age  of  puberty  approaches,  beside  the 
ordinary  pavement  epithelium  lining  the  tubes,  other  cells  or  vesicles 
of  larger  size  make  their  appearance,  each  containing  from  one  to  fifteen 
or  twenty  nuclei,  with  nucleoli.  In  the  interior  of  these  vesicles  sper- 
matozoa are  formed;  their  number  corresponding  usually  with  that  of 
the  nuclei.  They  are  developed  in  bundles  of  from  ten  to  twenty,  held 
together  by  the  membranous  substance  surrounding  them,  but  are  after- 
ward set  free  by  the  liquefaction  of  the  vesicle,  and  then  nearly  fill  the 
cavitjr  of  the  seminiferous  ducts,  being  mingled  only  with  a minute 
quantity  of  transparent  fluid. 

While  in  the  seminiferous  tubes,  the  spermatozoa  are  always  inclosed 
in  their  parent  vesicles;  they  are  liberated,  and  mingled  together,  only 
after  entering  the  rete  testis  and  the  head  of  the  epididymis. 

Accessory  Male  Organs  of  Generation. — Beside  the  testicles,  which 
are  the  essential  parts  of  the  male  generative  apparatus,  there  are  certain 
accessory  organs,  by  which  the  seminal  fluid  is  conveyed  to  the  exterior, 
and  mingled  with  various  secretions  which  assist  in  the  accomplishment 
of  its  function. 
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As  the  sperm  leaves  the  testicle,  it  consists  almost  entirely  of  sperma- 
tozoa, crowded  together  in  an  opaque,  white,  semi-fluid  mass,  which  tills 
the  vasa  efferentia,  and  distends  their  cavities.  It  then  enters  the  single 
duct  which  forms  the  body  and  lower  extremity  of  the  epididymis,  fol- 
lowing the  long  and  tortuous  course  of  this  tube,  until  it  reaches  the  vas 
deferens ; through  which  it  is  conveyed  onward  to  the  vesiculse  seminalis. 
Throughout  this  course,  it  is  mingled  with  a scanty  mucus-like  fluid, 
secreted  by  the  walls  of  the  epididymis  and  vas  deferens.  The  vesiculse 
seminales  contain  also  a glairy  fluid,  produced  by  secretion  from  their 
walls,  which  serves  some  secondary  purpose  in  completing  the  formation 
of  the  sperm.  One  of  its  functions  is  no  doubt  to  dilute  the  mass  of 
spermatozoa,  as  they  arrive  from  the  testicles,  and  thus  allow  them 
liberty  of  motion;  as  well  as  to  increase  the  volume  of  the  seminal  fluid 
and  enable  it  to  be  expelled  by  the  muscular  contraction  ol  the  parts 
about  the  urethra.  Kolliker  has  found  that  the  spermatozoa  in  the  vas 
deferens  and  epididymis  are  generally  motionless  ; and  that  they  exhibit 
their  characteristic  movements  only  in  the  vesiculse  seminales  and  in  the 
ejaculated  sperm. 

At  the  moment  of  the  final  evacuation  of  the  sperm,  it  first  passes 
from  the  vesical®  seminales  into  the  prostatic  portion  of  the  urethra, 
where  it  meets  with  the  secretion  of  the  prostate  gland,  which  is  then 
poured  out  in  unusual  abundance ; and  farther  on,  there  are  added  the 
secretions  of  Cowper’s  glands  and  of  the  remaining  mucous  follicles  ot 
the  urethra.  All  these  fluids  increase  the  quantity  of  the  sperm,  and 
serve  as  vehicles  for  the  transport  of  the  spermatozoa. 

Necessary  Conditions  of  Fecundation  by  the  Seminal  Fluid. — There 
are  several  conditions  which  are  essential  to  the  successful  accomplish- 
ment of  the  act  of  fecundation. 

First,  the  spermatozoa  must  be  present  and  in  a state  of  active 
vitality.  Of  all  the  organic  ingredients,  derived  from  different  sources, 
which  go  to  make  up  the  mixed  seminal  fluid,  as  discharged  from  the 
urethra,  it  is  the  spermatozoa  which  constitute  its  essential  part.  They 
are  the  true  fecundating  element  of  the  sperm,  while  the  others  are  of 
secondary  importance,  and  perform  only  accessory  functions. 

Spallanzani1  found  that  if  frog’s  sperm  be  passed  through  a succes- 
sion of  filters,  so  as  to  separate  the  solid  from  the  liquid  portions,  the 
filtered  fluid  is  destitute  of  fecundating  properties  ; while  the  sperma- 
tozoa entangled  in  the  filter,  if  mixed  with  a sufficient  quantity  of  fluid 
of  the  requisite  density  for  dilution,  may  still  be  successfully  used  for 
the  artificial  impregnation  of  eggs.  It  is  well  known  that  animals  or 
men,  after  removal  of  both  testicles,  are  incapable  of  impregnating  the 
female,  notwithstanding  that  all  the  other  generative  organs  may  remain 
uninjured.  The  seminal  fluid,  furthermore,  must  he  in  a fresh  condition, 
so  that  the  spermatozoa  retain  their  anatomical  characters  and  then 
active  movement.  The  experiments  of  Spallanzani  have  shown  that, 

1 Experiences  pour  servir  ii  l’Histoire  de  la  Generation.  Geneve,  ltS6. 
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if  the  above  conditions  be  preserved,  the  seminal  fluid,  removed  from 
the  spermatic  ducts  of  the  male,  is  capable  of  fecundating  the  eggs  of 
the  female.  But  if  allowed  to  remain  exposed  to  the  atmosphere,  or  to 
an  unnatural  temperature,  it  becomes  inert.  So  long  as  the  spermatozoa 
continue  in  active  motion,  they  are  usually  found  to  retain  their  physio- 
logical properties  ; the  cessation  of  this  movement,  on  the  other  hand, 
being  a sign  that  their  vitality  is  exhausted,  and  that  they  are  no  longer 
capable  of  impregnating  the  egg. 

Secondly,  both  eggs  and  spermatozoa  must  have  arrived  at  a certain 
degree  of  development  before  fecundation  can  take  place.  Previous  to 
this  time  the  immature  eggs  are  incapable  of  being  impregnated,  and  the 
imperfectly  developed  spermatozoa  have  not  yet  acquired  their  fecun- 
dating power.  The  necessary  process  of  growth  takes  place  within  the 
generative  organs ; and  when  it  is  complete,  both  the  spermatozoa  of 
the  male  and  the  eggs  of  the  female  are  ready  to  be  discharged,  and  are 
in  condition  to  exert  upon  each  other  the  necessary  influence. 

The  fecundating  power  of  the  spermatozoa,  when  fully  developed,  is 
exceedingly  active.  Spallanzani  found  that  one-fifth  of  a gramme  of 
the  seminal  fluid  of  the  frog,  diffused  in  water,  was  sufficient  for  the 
impregnation  of  several  thousand  eggs.  The  process  seems  to  be  ac- 
complished almost  instantaneously,  “ since  eggs  which  were  allowed  to 
remain  in  the  fecundating  mixture  for  only  one  second  proved  to  be 
impregnated,  and  were  afterward  hatched  at  the  usual  period.” 

Thirdly,  the  spermatozoa  must  come  into  direct  contact  with  the  egg 
or  its  immediate  envelopes.  Spallanzani  first  demonstrated  this  by 
attaching  mature  eggs  to  the  concave  surface  of  a watch-glass,  which 
he  placed,  in  an  inverted  position,  over  a second  watch-glass  containing 
fresh  seminal  fluid.  The  eggs,  allowed  to  remain  in  this  way  for  several 
hours,  exposed  to  the  vapor  of  the  fluid  but  without  touching  its  surface, 
were  afterward  found  to  have  failed  of  impregnation  ; while  others,  which 
were  actually  moistened  with  the  same  seminal  fluid,  became  developed 
into  living  tadpoles. 

Finally,  the  physiological  act  of  fecundation  is  accomplished  by  the 
entrance  of  the  spermatozoa  into  the  interior  of  the  egg,  through  the 
vitelline  membrane,  and  their  union  with  the  substance  of  the  vitellus. 
This  fact  was  first  observed  by  Martin  Barry1 2  in  the  fecundated  egg 
from  the  Fallopian  tube  of  the  rabbit.  It  has  subsequently  been  seen 
by  Newport-  in  the  frog,  by  Bischoff,  by  Coste,  by  Robin3  in  a species  of 
leech,  by  Flint4  in  the  pond  snail,  and  by  Weil,5  in  repeated  instances,  in 
the  rabbit.  According  to  some  of  these  observations,  the  mechanism  of 
penetration  is  by  means  of  a natural  orifice  or  “ micropyle”  existing  in 

1 Philosophical  Transactions.  London,  1840,  p.  533,  and  1843,  p.  33. 

2 Philosophical  Transactions,  1853,  p.  271. 

3 Journal  de  la  Physiologic  do  l’Hommc  et  des  Animaux.  Paris,  1862,  tome 
v.  p.  80. 

4 Physiology  of  Man.  New  York,  1874,  vol.  v.  p.  352. 

5 Strieker’s  Medizinischer  JahrbUcher.  Wien,  1873,  p.  18. 
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the  vitelline  membrane,  as  first  indicated  by  Barry.  In  others  no  such 
orifice  has  been  visible;  the  spermatozoa  appearing  to  perforate  the  sub- 
stance of  the  vitelline  membrane  by  the  impulsive  movement  of  their 
filamentous  extremity  (Newport).  Such  a mode  of  penetration  is  not 
inadmissible,  since  the  much  larger  embryos  of  the  taenia  and  trichina 
(page  615)  make  their  way  without  difficulty  through  the  substance  of 
the  intestinal  mucous  membrane. 

After  their  arrival  in  the  interior  of  the  vitelline  cavity,  the  sperma- 
tozoa disappear  as  distinct  organic  elements.  Their  substance  unites 
with  that  of  the  vitellus  ; and  thenceforward  the  fecundated  egg  con- 
sists of  materials  derived  from  both  the  male  and  female  organisms. 
The  greater  portion  of  this  material  is  that  produced  by  the  female ; 
but  that  which  is  supplied  from  the  seminal  filaments  of  the  male  is 
equally  essential  for  the  production  of  an  embryo.  The  offspring, 
accordingly,  may  exhibit  resemblances  to  either  or  both  of  the  indi- 
vidual parents,  since  it  originates  from  a union  of  both  the  generative 
products. 

Union  of  the  Sexes. — In  most  of  the  lower  animals  there  is  a peri- 
odical development  of  the  testicles  in  the  male,  corresponding  in  time 
with  that  of  the  ovaries  in  the  female.  As  the  ovaries  enlarge  and  the 
eggs  ripen  in  the  one  sex,  so  in  the  other  the  testicles  increase  in  size,  as 
the  season  of  reproduction  approaches,  and  become  turgid  with  sper- 
matozoa. The  accessory  organs  of  generation  at  the  same  time  share 
the  unusual  activity  of  the  testicles,  and  become  increased  in  vascularity 
and  ready  to  perform  their  part  in  the  reproductive  function. 

In  fishes,  as  a general  rule,  where  the  testicles  occupy,  in  the  abdomen 
of  the  male,  the  same  relative  position  as  the  ovaries  in  the  female,  these 
organs  enlarge,  become  distended  with  their  contents,  and  project  into 
the  peritoneal  cavity.  Each  of  the  two  sexes  is  then  at  the  same  time 
under  the  influence  of  a corresponding  excitement.  The  unusual  de- 
velopment of  the  reproductive  organs  reacts  upon  the  general  system, 
and  produces  a state  of  peculiar  excitability,  known  as  the  condition  of 
“ erethism.”  The  female,  distended  with  eggs,  feels  the  stimulus  which 
leads  to  their  expulsion;  while  the  male,  bearing  the  weight  of  the 
enlarged  testicles  and  the  accumulation  of  newly-developed  spermatozoa, 
is  impelled  by  a similar  sensation  to  the  discharge  of  the  seminal  fluid. 
The  two  sexes  are  led  by  instinct  at  this  season  to  frequent  the  same 
situations.  The  female  deposits  her  eggs  in  some  spot  favorable  to  the 
protection  and  development  of  the  young ; after  which  the  male,  appa- 
rently attracted  and  stimulated  by  the  sight  of  the  new-laid  eggs,  dis- 
charges upon  them  the  seminal  fluid,  and  their  impregnation  is  accom- 
plished. It  is  in  this  way  that  fecundation  takes  place  in  nearly  all  the 
osseous  fishes,  as  the  trout,  the  salmon,  and  the  stickleback. 

In  instances  like  the  above,  where  the  male  and  female  generative 
products  are  discharged  separately,  the  subsequent  contact  of  the  semi- 
nal fluid  with  the  eggs  would  seem  to  be  dependent  on  the  occurrence 
of  fortuitous  circumstances,  and  their  impregnation,  therefore,  liable  to 
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fail.  But,  in  point  of  fact,  the  simultaneous  functional  excitement  of 
the  two  sexes,  and  the  operation  of  corresponding  instincts,  leading 
them  to  ascend  the  same  rivers  and  to  frequent  the  same  spots,  provide 
with  sufficient  certainty  for  the  impregnation  of  the  eggs.  The  number 
of  eggs  produced  by  the  female  is  also  very  large,  the  ovaries  being 
often  so  distended  as  nearly  to  fill  the  abdominal  cavity ; so  that, 
although  many  of  the  eggs  may  be  accidentally  lost,  a sufficient  number 
will  still  be  impregnated  to  provide  for  the  continuation  of  the  species. 

In  many  of  the  cartilaginous  fishes,  on  the  other  hand,  as  in  sharks, 
rays,  and  skates,  an  actual  contact  takes  place  between  the  two  sexes  at 
the  time  of  reproduction,  and  the  seminal  fluid  of  the  male  is  introduced 
into  the  generative  passages  of  the  female.  Thus  the  eggs  are  fecunda- 
ted while  still  in  the  body  of  the  female,  and  in  many  species  go  through 
with  a nearly  complete  development  in  this  situation  aud  are  born  alive. 

In  the  frog,  the  male  fastens  himself  upon  the  back  of  the  female  byr 
means  of  the  anterior  limbs,  which  retain  their  hold  by  a kind  of  spas- 
modic contraction.  This  continues  for  one  or  more  days,  during  which 
time  the  mature  eggs,  which  have  been  discharged  from  the  ovary,  are 
passing  downward  through  the  oviducts.  As  they  are  expelled  from  the 
anus,  the  seminal  fluid  of  the  male  is  discharged  upon  them,  and  impreg- 
nation takes  place. 

In  serpents,  lizards,  and  turtles,  the  sperm  is  introduced  into  the  female 
generative  passage  at  the  time  of  copulation,  by  means  of  a single  or 
double  erectile  male  organ.  Of  these  animals,  some  species  lay  their 
eggs  immediately  after  fecundation,  others  retain  them  until  the  embryo 
is  partly  or  fully  developed. 

In  birds,  the  spermatozoa  are  introduced  into  the  sexual  orifice  of 
the  female,  and  make  their  way  into  the  upper  portion  of  the  oviduct, 
where  they  may  be  found  in  active  motion,  mingled  with  the  fluids  of 
this  canal.1  The  vitellus  is  thus  fecundated  immediately  upon  its.  dis- 
charge from  the  ovary,  and  before  it  has  become  surrounded  with  the 
albuminous  and  membranous  envelopes  supplied  by  the  middle  and 
lower  portions  of  the  oviduct. 

Lastly,  in  the  human  species  and  in  mammalians,  where  the  impreg- 
nated egg  is  to  be  retained  in  the  body  of  the  female  parent  during  the 
whole  period  of  its  development,  the  seminal  fluid  is  introduced  into  the 
vagina  and  uterus  by  sexual  cougress,  and  meets  the  egg  at  or  soon 
after  its  discharge  from  the  ovary.  A close  correspondence  between  the 
periods  of  sexual  excitement,  in  the  male  and  the  female,  is  visible  in 
many  of  these  animals,  as  well  as  in  fish,  birds,  and  reptiles.  This  is 
the  case  in  most  species  which  produce  young  but  once  a year,  as  the 
deer,  the  wolf,  and  the  fox.  In  others,  such  as  the  dbg,  the  rabbit,  and 
the  guinea  pig,  where  several  broods  of  young  are  produced  during  the 
year,  or  where,  as  in  man,  the  generative  epochs  of  the  female  recur  at 
short  intervals,  the  time  of  impregnation  is  comparatively  indefinite, 


1 Foster  and  Balfour,  Elements  of  Embryology.  Loudon,  1874,  p.  21. 
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and  the  generative  apparatus  of  the  male  is  almost  constantly  in  a state 
of  full  development,  it  is  excited  to  action  at  particular  periods,  ap- 
parently by  some  influence  derived  from  the  condition  of  the  female. 

In  quadrupeds  and  in  the  human  species,  the  contact  of  the  sperm 
with  the  egg,  and  the  fecundation  of  the  latter,  take  place  in  the  gene- 
rative passages  of  the  female  ; either  in  the  uterus,  the  Fallopian  tubes, 
or  upon  the  surface  of  the  ovary;  in  each  of  which  situations  the  sper- 
matozoa have  been  found,  after  the  accomplishment  of  sexual  inter- 
course. 


CHAPTER  Y. 


PERIODICAL  OVULATION,  AND  THE  FUNCTION 
OF  MENSTRUATION. 

I.  Periodical  Ovulation. 

The  periodical  ripening  of  the  eggs  and  their  discharge  from  the 
generative  organs  constitute  the  process,  known  by  the  name  of  “ovula- 
tion,” which  may  be  considered  as  the  primary  act  of  reproduction. 
The  characteristic  phenomena  which  distinguish  the  performance  of  this 
function  depend  upon  the  following  general  laws,  which  apply  with  but 
little  variation  to  all  classes  of  animals. 

1st.  Eggs  exist  originally  in  the  ovaries , as  part  of  their  natural 
structure.  In  fish,  reptiles,  and  birds,  the  ovary  is  of  comparatively 
simple  texture,  consisting  only  of  a number  of  Graafian  follicles,  united 
by  an  intervening  stroma  of  loose  connective  tissue,  and  thus  aggre- 
gated into  the  form  of  a rounded,  elongated,  or  lobulated  organ.  In  the 
mammalians  and  in  man,  its  essential  constitution  is  the  same;  but  its 
connective  tissue  is  denser  and  more  abundant,  and  the  figure  of  the 
organ  is  more  compact.  But  in  all  classes  the  interior  ot  each  Graafian 
follicle  is  occupied  by  an  egg,  from  which  the  embryo  is  afterward  pro- 
duced. 

The  process  of  reproduction  was  formerly  regarded  as  essentially 
different  in  the  oviparous  and  the  viviparous  animals.  In  oviparous 
animals,  such  as  most  fishes  and  reptiles  and  all  birds,  the  young 
animal  was  well  known  to  be  formed  from  an  egg  produced  by  the 
female ; while  in  the  viviparous  species,  or  those  which  bring  forth  their 
young  alive,  as  certain  fishes  and  reptiles  and  all  the  mammalians, 
the  embryo  was  supposed  to  originate  in  the  body  of  the  female  in 
consequence  of  sexual  intercourse.  But  by  the  aid  of  the  microscope, 
as  employed  in  the  examination  of  the  different  organs  and  tissues,  it 
was  subsequently  found  that,  in  mammalians  also,  the  ovaries  contain 
eggs.  The  mammalian  eggs  had  previously  escaped  observation  owing 
to  their  comparatively  simple  structure  and  minute  gize;  but  they  were 
nevertheless  found  to  possess  all  the  essential  characters  belonging  to 
the  larger  eggs  of  the  oviparous  animals. 

The  true  difference  in  the  process  of  reproduction,  between  the  two 
classes,  is  therefore  merely  an  apparent,  not  a fundamental  one.  In  the 
oviparous  fish,  reptiles,  and  birds,  the  egg  is  discharged  by  the  female 
before  or  immediately  after  impregnation,  and  the  embryo  is  subse- 
quently developed  and  hatched  externally.  In  quadrupeds  and  in  the 
human  species,  on  the  other  hand,  the  egg  is  retained  within  the  body 
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of  the  female  until  the  embryo  is  developed  ; and  the  membranes  are 
ruptured  and  the  young  expelled  at  the  same  time.  In  all  classes, 
viviparous  as  well  as  oviparous,  the  young  is  produced  from  an  egg ; 
and  in  all  classes  the  egg,  sometimes  larger  and  sometimes  smaller,  but 
always  consisting  essentially  of  a vitellus  and  a vitelline  membrane,  is 
contained  originally  in  the  interior  of  an  ovarian  follicle. 

The  egg  is  accordingly  an  integral  part  of  the  ovarian  tissue.  Jt 
exists  there  long  before  the  generative  function  is  established,  and  dur- 
ing the  earliest  periods  of  life.  It  may  be  found  without  difficulty  in 
the  newly  born  female  infant,'  and  may  even  be  detected  in  the  foetus 
before  birth.  Its  growth  and  nutrition  are  provided  for  in  the  same 
manner  with  that  of  other  portions  of  the  bodily  structure. 

2d.  The  ovarian  eggs  become  more  fully  developed  at  a certain  age 
when  the  generative  function  is  about  to  be  established.  During  the 
early  periods  of  life,  the  ovaries  and  their  contents,  like  many  other 
organs,  are  imperfectly  developed.  They  exist,  but  they  are  as  j^et 
inactive  and  incapable  of  performing  their  special  function.  In  the 
young  chick,  for  example,  the  ovary  is  of  small  size;  and  the  eggs, 
instead  of  presenting  the  voluminous,  jmllow,  opaque  vitellus  which  they 
afterward  exhibit,  are  minute,  transparent,  and  colorless.  In  young 
quadrupeds,  and  in  the  human  female  during  infancy  and  childhood,  the 
ovaries  are  equally  inactive.  They  are  small,  friable,  and  of  a nearly 
homogeneous  appearance  to  the  naked  eye  ; presenting  none  of  the 
enlarged  follicles,  filled  with  transparent  fluid,  which  afterward  become 
a characteristic  feature  of  the  organ.  At  this  time,  accordingly,  the 
female  is  incapable  of  bearing  young,  because  the  ovaries  are  inactive, 
and  the  eggs  which  they  contain  immature. 

But  at  a certain  period,  which  varies  in  the  time  of  its  occurrence  for 
different  species  of  animals,  the  sexual  apparatus  begins  to  enter  upon  a 
state  of  activity.  The  ovaries  increase  in  size,  and  their  circulation 
becomes  more  active.  The  eggs,  which  have  previously  remained  qui- 
escent, take  on  a rapid  growth,  and  the  structure  of  the  vitellus  is 
completed  by  a deposit  of  semi-opaque  granular  matter  in  its  interior. 
Arrived  at  this  state,  the  eggs  are  ready  for  impregnation,  and  the 
female  becomes  capable  of  bearing  young.  She  is  then  said  to  have 
arrived  at  the  state  of  “ puberty,”  or  that  condition  in  which  the  gene- 
rative organs  are  fully  developed.  This  change  is  accompanied  by  a 
visible  alteration  in  the  system  at  large,  which  indicates  the  complete 
development  of  the  entire  organism.  In  many  birds,  the  plumage  as- 
sumes at  this  period  more  varied  and  brilliant  colors;  and  in  the  com- 
mon fowl,  the  comb,  or  “crest,”  enlarges  and  becomes  red  and  vascular. 
In  the  American  deer  (Cervus  virginanus),  the  coat,  which  during  the 
first  year  is  mottled  with  white,  becomes  in  the  second  year  of  a uniform 
tawny  or  reddish  tinge.  In  nearly  all  species,  the  limbs  become  more 
compact  and  the  body  more  rounded;  and  the  whole  external  appeal  - 
ance  is  so  altered,  as  to  indicate  that  the  animal  has  arrived  at  the 
period  of  puberty,  and  is  capable  of  reproduction. 
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3d.  Successive  crops  of  eggs , in  the  adult  female , ripen  and  are  dis- 
charged independently  of  sexual  intercourse.  The  original  formation 
of  the  germ,  in. the  bodies  of  viviparous  animals,  was  formerly  sup- 
posed to  be  a consequence  of  sexual  intercourse.  Even  after  it  became 
known  that  the  ovaries  of  these  animals  contain  eggs  before  impregna- 
tion, the  discharge  of  the  egg  from  its  follicle  was  thought  to  occur  only 
under  the  influence  of  fecundation;  and  the  rupture  of  a follicle  was 
consequently  regarded  as  an  indication  that  sexual  intercourse  had  taken 
place. 

But  subsequent  observation  showed  that  not  only  the  existence,  but 
also  the  ripening  and  discharge  of  the  egg,  are  phenomena  dependent 
on  the  structure  and  functional  activity  of  the  female  organism.  In 
many  fish  and  reptiles,  the  mature  eggs  leave  the  ovary,  pass  through 
the  oviducts,  and  are  discharged  externally  before  coming  in  contact 
with  the  seminal  fluid  of  the  male.  In  the  domestic  fowl  it  is  a matter 
of  common  observation  that  the  hen,  if  well  supplied  with  nourishment, 
will  continue  to  lay  fully  formed  eggs  without  the  presence  of  the  cock  ; 
only  these  eggs,  not  having  been  fecundated,  are  incapable  of  producing 
chicks.  In  oviparous  animals,  therefore,  the  discharge  of  the  egg,  as 
•well  as  its  formation,  may  take  place  independently  of  sexual  inter- 
course. 

This  is  also  the  case  in  the  viviparous  quadrupeds.  The  observa- 
tions of  Bischoff,  Pouchet,  and  Coste,  on  the  sheep,  the  pig,  the  bitch, 
and  the  rabbit,  have  demonstatecl  that  if  the  female  be  carefully  kept 
from  the  male  until  after  the  period  of  puberty  is  established,  and  then 
killed,  examination  of  the  ovaries  will  sometimes  show  that  Graafian 
follicles  have  matured,  ruptured,  and  discharged  their  eggs,  though  no 
sexual  intercourse  has  taken  place.  Sometimes  the  follicles  are  found 
distended  and  prominent  upon  the  surface  of  the  ovary  ; sometimes  re- 
cently ruptured  and  collapsed ; and  sometimes  in  various  stages  of  cica- 
trization and  atrophy.  Bischoff,1  in  several  instances  of  this  kind,  found 
the  unimpregnated  eggs  in  the  oviduct,  on  their  way  to  the  cavity  of 
the  uterus.  In  species  of  animals  where  the  ripening  of  the  eggs  takes 
place  at  short  intervals,  as  in  the  sheep,  the  pig,  or  the  cow,  it  is  very 
rare  to  examine  the  ovaries  where  traces  of  a more  "or  less  recent  rup- 
ture of  the  Graafian  follicles  are  not  distinctly  visible.  • 

One.  of  the  most  important  facts,  derived  from  these  observations,  is 
that  the  ovarian  eggs  become  developed  and  are  discharged  in  succes- 
sive crops,  which  follow  each  other  at  periodical  intervals.  In  the  ovary 
of  the  fowl  (Fig.  226),  it  may  be  seen  at  a glance  that  the  eggs  grow 
and  ripen,  one  after  the  other,  like  fruit  upon  a vine.  In  this  instance, 
the  process  of  evolution  is  rapid  ; and  it  is  easjr  to  distinguish,  at  the 
same  time,  eggs  which  are  almost  microscopic  in  size,  colorless,  and 
transparent ; those  which  are  larger,  somewhat  opaline,  and  yellowish 

1 M6moire  sur  la  chOte  p6riodique  de  l’ceuf,  Annales  des  Sciences  Naturelles, 
Paris,  Aoftt — Septembre,  1844. 
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jji  hue  ; and  finally  those  which  are  fully  developed,  opaque,  of  a deep 
orange  color,  and  nearly  ready  to  leave  the  ovary. 

Here,  the  difference  between  the  undeveloped  and  the  mature  eggs 
consists  mainly  in  the  size  of  the  vitellus,  whicli  is  very  much  larger 
than  in  the  quadrupeds.  The  ovarian  follicle  is  distended  and  ruptured, 
and  the  egg  finally  discharged,  owing  to  the  pressure  exerted  by  the 
increased  size  of  the  vitellus. 

In  man  and  mammalians,  on  the  other  hand,  the  microscopic  egg 
never  becomes  large  enough  to  distend  the  Graafian  follicle  by  its  own 
size.  The  rupture  of  the  follicle  and  the  liberation  of  the  egg  are  accord- 
ingly provided  for,  in  these  instances,  by  a different  mechanism. 

In  the  earlier  periods  of  life,  in  man  and  the  mammalians,  the  egg  is 
contained  in  a Graafian  follicle  which  closely  embraces  its  exterior,  and 
is  consequently  hardly  larger  than  the  egg  itself.  A S'  puberty  ap- 
proaches, the  follicles  situated  near  the  free  surface  of  the  ovary  become 
enlarged  by  the  accumulation  of  serous  fluid  in  their  cavity.  At  that 
time,  the  ovary,  if  cut  open,  shows  a considerable  number  of  globular, 
transparent  vesicles,  the  smaller  of  which  are  deep  seated,  but  which 
increase  in  size  as  they  approach  the  free  surface  of  the  organ.  These 
are  the  Graafian  follicles,  which,  in  consequence  of  the  advancing  matu- 
rity of  their  eggs,  gradually  enlarge  at  the  arrival  of  the  period  ol 
generation. 

The  Graafian  follicle  then  consists  of  a closed  globular  sac,  the  exter- 
nal wall  of  which,  though  quite  translucent,  has  a fibrous  texture,  and  is 
well  supplied  with  bloodvessels.  This  fibrous  and  vascular  wall  is  dis- 
tinguished by  the  name  of  the  “ vesicular  membrane.”  It  is  not  very 
firm  in  texture,  and  if  roughly  handled  is  easily  ruptured. 

The  vesicular  membrane  is  lined  throughout  by  a layer  of  minute 
granular  cells,  which  form  for  it  a kind  of  epithelium.  This  layer  is 
termed  the  membrana  granulosa.  It  adheres  but  slightly  to  the  vesicu- 
lar membrane,  and  may  easily  be  detached  by  careless  manipulation 
before  the  follicle  is  opened,  being  then  mingled,  in  the  form  of  light 
flakes  and  shreds,  with  the  serous  fluid  contained  in  its  interior. 

At  the  most  superficial  part  of  the  Graafian  follicle  the  membrana 
granulosa  is  thicker  than  elsewhere.  Its  cells  are  here  accumulated,  in 
a kind  of  mound  or  “heap,”  which  has  received  the  name  of  the  cumu- 
lus proligerus.  It  is  also  called  the  discus  proligerus , because  the 
thickened  mass,  when  viewed  from  above,  has  a nearly  circular  or  disk- 
like form.  In  the  centre  of  this  thickened  portion  of  the  membrana 
granulosa  the  egg  is  imbedded.  It  is  accordingly  always  situated  at 
the  most  superficial  portion  of  the  follicle,  and  advances  in  this  way 
toward  the  surface  of  the  ovary. 

As  the  period  approaches  at  which  the  egg  is  to  be  discharged,  the 
Graafian  follicle  becomes  more  vascular,  and  enlarges  by  an  increased 
exudation  into  its  cavity.  It  then  begins  to  project  from  the  surface 
of  the  ovary,  still  covered  by  the  albugineous  tunic  and  its  peritoneal 
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investment.  (Fig.  231.)  The  constant  accumulation  of  fluid  in  the  fol- 
licle exerts  such  a pressure  from  within  outward,  that  the  albugineous 


Fig.  231. 


Graafian'  Follicle,  near  the  period  of  rupture.—  a.  Vesicular  membrane,  b.  Membrana 
granulosa,  c.  Cavity  of  follicle,  d.  Egg.  e.  Peritoneal  surface.  /.  Tunica  albuginea,  g,  g. 
Tissue  of  the  ovary. 

tunic  and  the  peritoneum  gradually  yield  before  it ; until  the  Graafian 
follicle  protrudes  from  the  ovary  as  a tense,  rounded,  translucent  vesicle, 
in  which  fluctuation’ can  be  readily 
perceived  on  applying  the  fingers 
to  its  surface.  Finally,  the  pro- 
cess of  effusion  and  distension  still 
going  on,  the  wall  of  the  vesicle 
yields  at  its  most  prominent  por- 
tion, the  contained  fluid  is  driven 
out  with  a gush,  by  the  elastic  re- 
action of  the  ovarian  tissue,  carry- 
ing with  it  the  egg,  still  entangled 
in  the  cells  of  the  membrana 
granulosa. 

The  rupture  of  the  Graafian 
follicle  is  accompanied,  in  some 
instances,  by  hemorrhage  from  its  ruptured:  at  a,  the  egg,  juat  discharged, 

. ’ “ ° with  a portion  of  the  membrana  granulosa. 

internal  surface,  by  which  its  cavity 

is  filled  with  blood.  This  occurs  in  the  human  species,  also  in  the  pig, 
and  to  some  extent  in  several  other  of  the  lower  animals.  Sometimes, 
as  in  the  cow,  where  no  immediate  hemorrhage  takes  place,  the  Graafian 
follicle,  when  ruptured,  simply  collapses;  after  which  a slight  exudation, 
more  or  less  tinged  with  blood,  is  poured  out  during  the  course  of  a 
few  hours. 

This  process  occurs  in  one  or  more  Graafian  follicles  at  a time,  according 
to  the  number  of  young  produced  at  a birth.  In  the  bitch  and  the  sow, 
where  each  litter  consists  of  from  six  to  twenty  young  ones,  a similar 
number  of  eggs  ripen  and  are  discharged  at  each  period.  In  the  mare, 
in  the  cow,  and  in  the  human  female,  where  there  is  usually  but  one 


Fig.  232. 
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Ovary  with  Graafian  Follicle 
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foetus  at  a birth,  the  eggs  are  matured  singly,  and  the  Graafian  follicles 
ruptured,  one  after  the  other,  at  successive  periods  of  ovulation. 

4th.  The  ripening  and  discharge  uf  the  egg  are  accompanied  by  a pe- 
culiar condition  of  the  general  system , known  as  the  “ rutting ” condition , 
or  “ destruction.”  The  congestion  and  functional  activity  manifested  by 
the  ovaries  at  each  period  of  ovulation,  act  by  sympathy  upon  the  other 
generative  organs  and  produce  iii  them  a greater  or  less  degree  of  ex- 
citement, according  to  the  particular  species  of  animal.  Usually  there 
is  a certain  amount  of  congestion  of  the  entire  generative  apparatus. 
The  secretions  of  the  vagina  and  neighboring  parts  are  more  particularly 
affected,  being  increased  in  quantity  and  altered  in  quality.  In  the  bitch, 
the  vaginal  mucous  membrane  becomes  red  and  tumefied,  and  pours  out 
a secretion  which  is  more  or  less  tinged  with  blood.  The  vaginal  secre- 
tions acquire  at  this  time  a peculiar  odor,  which  appears  to  attract  the 
male,  and  to  excite  in  him  the  sexual  impulse.  An  unusual  tumefaction 
and  redness  of  the  vagina  and  vulva  are  also  perceptible  in  the  rabbit ; 
and  in  some  species  of  apes  there  is  not  only  a bloody  dischai'ge  from 
the  vulva,  but  also  an  engorgement  and  infiltration  of  the  neighboring 
parts,  extending  to  the  skin  of  the  buttocks,  the  thighs,  and  the  under 
part  of  the  tail.1 

The  system  at  large  is  also  visibly  affected  by  the  process  going  on 
in  the  organs  of  generation.  In  the  cow,  the  approach  of  an  oestrual 
period  is  marked  by  unusual  restlessness.  The  animal  partially  loses 
her  appetite.  She  frequently  stops  browsing,  looks  about  uneasily,  runs 
from  one  side  of  the  field  to  the  other,  and  then  recommences  feeding,  to 
be  disturbed  again  in  a similar  manner  after  a short  interval.  The 
motions  are  rapid  and  nervous,  and  the  hide  often  rough  and  disordered; 
and  the  whole  aspect  of  the  animal  indicates  the  presence  of  some  special 
excitement.  After  oestruation  is  fully  established,  the  vaginal  secretions 
show  themselves  in  unusual  abundance,  and  so  continue  for  one  or  two 
days ; after  which  the  symptoms  subside,  and  the  animal  returns  to  her 
usual  condition. 

It  is  a noticeable  fact,  in  this  connection,  that  the  female  of  these 
animals  will  allow  the  approach  of  the  male  only  during  and  immedi- 
ately after  the  oestrual  period ; that  is,  when  the  egg  is  recently  dis- 
charged, and  ready  for  impregnation.  At  other  times,  when  sexual 
intercourse  would  be  necessarily  fruitless,  the  instinct  of  the  animal 
leads  her  to  avoid  it ; and  the  concourse  of  the  sexes  is  accordingly 
made  to  correspond  in  time  with  the  maturity  of  the  egg  and  its  apti- 
tude for  fecundation. 


II.  Menstruation. 

In  the  human  female,  the  return  of  the  period  of  ovulation  is  marked 
by  a group  of  phenomena  which  are  known  as  menstruation,  and  which 
are  of  sufficient  importance  to  be  described  b3r  themselves. 

1 Pouchet,  Th6orie  positive  de  l’ovulation.  Paris,  1847,  p.  230. 
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During  infancy  and  childhood  the  sexual  system  is  inactive.  No  dis- 
charge of  eggs  takes  place  from  the  ovaries,  and  no  external  phenomena 
show  themselves,  connected  with  the  reproductive  function. 

But  at  the  age  of  fourteen  or  fifteen  years,  a change  begins  to  mani- 
fest itself.  The  limbs  become  rounder,  the  breasts  increase  in  size,  and 
the  entire  aspect  undergoes  a peculiar  alteration,  which  indicates  ap- 
proaching maturity.  At  the  same  time  a discharge  of  blood  takes  place 
from  the  generative  passages,  accompanied  by  some  disturbance  of  the 
general  system,  and  the  female  is  then  known  to  have  arrived  at  the 
period  of  puberty. 

Afterward,  the  bloody  discharge  returns  at  regular  intervals  of  four 
weeks  ; and,  on  account  of  this  recurrence,  corresponding  with  succes- 
sive lunar  months,  its  phenomena  are  designated  by  the  name  of  the 
“ menses”  or  the  “ menstrual  periods.”  The  menses  return  with  regu- 
larity, from  the  time  of  their  first  appearance,  until  the  age  of  about 
forty-five  years.  During  this  period,  the  female  is  capable  of  bearing 
children,  and  sexual  intercourse  is  liable  to  be  followed  by  pregnancy. 
After  the  forty-fifth  year,  the  periods  first  become  irregular,  and  then 
cease  altogether ; and  their  final  disappearance  is  an  indication  that 
pregnancy  cannot  again  take  place. 

During  the  period  above  referred  to,  from  the  age  of  fifteen  to  forty- 
five  years,  the  regularity  and  completeness  of  the  menstrual  periods 
indicate  to  a great  extent  the  aptitude  of  individual  females  for  im- 
pregnation. All  causes  of  ill  health  which  derange  menstruation  are 
apt  at  the  same  time  to  interfere  with  pregnancy;  so  that  women  whose 
menses  are  regular  and  natural  are  more  likely  to  become  pregnant, 
after  sexual  intercourse,  than  those  in  whom  the  periods  are  absent  or 
irregular. 

if  pregnancy  happen  to  take  place,  however,  at  any  time  within  the 
normal  period,  the  menses  are  suspended  during  its  continuance.  They 
usually  remain  absent,  after  delivery,  until  the  end  of  lactation,  when 
they  recommence,  and  continue  to  recur  at  their  regular  periods,  as 
before. 

The  menstrual  discharge  consists  of  mucus  mingled  with  blood. 
When  the  period  is  about  to  come  on,  the  female  is  affected  with  a 
certain  degree  of  discomfort  and  lassitude,  a sense  of  weight  in  the 
pelvis,  and  more  or  less  disinclination  to  society.  These  symptoms 
are  in  some  instances  slightly  pronounced,  in  others  more  troublesome. 
An  unusual  discharge  of  vaginal  mucus  then  begins  to  take  place,  soon 
becoming  yellowish  or  rusty  brown  in  color,  from  the  admixture  of  a 
certain  proportion  of  blood;  and  by  the  second  or  third  day  the  dis- 
charge has  the  appearance  of  nearly  pure  blood.  The  unpleasant  sen- 
sations, at  first  manifest,  then  usually  subside ; and  the  discharge,  after 
continuing  for  two  or  three  days  longer,  grows  more  scanty.  Its  color 
changes  from  red  to  a brownish  or  rusty  tinge,  until  it  finally  disap- 
pears altogether,  and  the  period  comes  to  an  end. 

The  menstrual  epochs  of  the  human  female  correspond  with  the 
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periods  of  cestruation  in  the  lower  animals.  Their  general  resemblance 
to  these  periods  is  very  evident.  Like  them,  they  are  absent  in  the 
immature  female,  and  begin  to  take  place  only  at  the  period  of  puberty, 
when  the  aptitude  for  impregnation  commences.  Like  them,  they  recur 
during  the  child-bearing  period  at  regular  intervals,  and  are  liable  to 
the  same  interruption  by  pregnancy.  Finally,  their  disappearance 
corresponds  with  the  cessation  of  fertility. 

The  periods  of  cestruation,  in  many  of  the  lower  animals,  are  accom- 
panied with  an  unusual  discharge  from  the  generative  passages,  fre- 
quently more  or  less  tinged  with  blood.  In  the  human  female  the 
bloody  discharge,  though  more  abundant  than  in  other  instances,  differs 
only  in  degree  from  that  in  many  species  of  animals. 

But  the  most  complete  evidence  that  the  period  of  menstruation  is  in 
r§jdity  that  of  ovulation,  is  derived  from  the  results  of  direct  observa- 
tion. A sufficient  number  of  instances  have  been  observed  to  show  that 
at  the  menstrual  epoch  a Graafian  follicle  becomes  enlarged,  ruptures, 
and  discharges  its  egg.  Cruikshank1 2  noticed  such  a case  so  long  ago 
as  1797.  Ndgrier'3  relates  two  instances  in  which,  after  sudden  death 
during  menstruation,  a bloody  and  ruptured  Graafian  follicle  was  found 
in  the  ovary.  Bischoff3  speaks  of  four  similar  cases,  in  three  of  which 
the  follicle  was  just  ruptured,  and  in  the  fourth  distended,  prominent, 
and  ready  to  burst.  Coste4  met  with  several  of  the  same  kind.  Michel5 
found  a follicle  ruptured  and  filled  with  blood  in  a woman  who  was 
executed  for  murder  while  the  menses  were  present.  Two  instances 
are  reported  by  Letheby,6  in  women  who  died  while  under  observation 
in  the  London  hospitals,  in  one  of  which  he  succeeded  in  finding  the 
ovum,  which  had  been  expelled  from  the  ovary,  in  the  contents  of  the 
corresponding  Fallopian  tube.  We  have  also  seen  a Graafian  follicle 
recentty  ruptured  and  filled  with  blood,  in  a woman  who  died  on  the 
second  day  of  menstruation. 

Ovulation,  accordingly,  in  the  human  female,  accompanies  and  forms 
a part  of  menstruation.  As  the  menstrual  period  comes  on,  a conges- 
tion takes  place  in  nearly  the  whole  of  the  generative  apparatus ; in  the 
Fallopian  tubes  and  the  uterus,  as  well  as  in  the  ovaries  and  their 
contents.  One  of  the  Graafian  follicles  is  especially  the  seat  of  vascular 
excitement  It  becomes  distended  by  the  fluid  accumulated  in  its  cavity, 
projects  from  the  surface  of  the  ovary,  and  is  finally  ruptured;  the 
process  taking  place  essentially  in  the  same  manner  as  in  the  mammalian 
animals. 

It  is  not  certain  at  what  particular  period  of  the  menstrual  flow  the 
rupture  of  the  follicle  and  discharge  of  the  egg  take  place.  According 

1 Philosophical  Transactions.  London,  1797,  p.  135. 

2 Becherches  sur  les  Ovaires.  Paris,  1840,  p.  78. 

3 Annales  dcs  Sciences  Naturelles.  Paris,  Aoht,  1844. 

4 Histoire  du  D6veloppement  des  Corps  Organises.  Paris,  1847,  tome  i.  p.  221. 

6 American  Journal  ofthe  Medical  Sciences.  Philadelphia,  July,  1848. 

6 Philosophical  Transactions.  London,  1852,  p.  5 1. 
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to  the  observations  of  Bischoff,  Pouchet,  and  Raciborski,  the  regular 
time  for  this  rupture  and  discharge  is  not  at  the  commencement,  but 
toward  the  termination  of  the  period.  According  to  those  of  Coste,1 
the  follicle  ruptures  sometimes  in  the  early  part  of  the  menstrual  epoch, 
sometimes  later.  So  far  as  we  can  learn,  therefore,  the  precise  period 
is  not  invariable.  Like  the  menses  themselves,  it  may  take  place  a 
little  earlier,  or  a little  later,  according  to  circumstances  ; but  it  alwaj'S 
occurs  in  connection  with  the  menstrual  flow,  and  constitutes  the  essen- 
tial part  of  the  catamenial  process. 

The  egg,  when  discharged  from  the  ovary,  enters  the  fimbriated 
extremity  of  the  Fallopian  tube,  and  commences  its  passage  toward 
the  uterus.  The  mechanism  by  which  it  finds  its  way  into  and  through 
the  Fallopian  tube  is  different,  in  quadrupeds  and  the  human  species, 
and  in  birds  and  reptiles.  In  the  latter,  the  bulk  of  the  egg  or  eggs  is 
so  great  as  to  fill  or  even  to  distend  the  cavity  of  the  oviduct ; and  the 
mass  is  accordingly  embraced  by  the  muscular  wall  of  the  canal  and 
carried  downward  by  its  peristaltic  action.  In  the  mammalians,  on  the 
other  hand,  the  egg  is  microscopic  in  size.  The  wide  extremity  of  the 
Fallopian  tube,  directed  toward  the  ovary,  is  lined  with  ciliated  epithe- 
lium ; and  the  movement  of  the  cilia,  which  is  from  the  ovary  toward 
the  uterus,  produces  a kind  of  vortex,  by  which  the  egg  is  drawn  toward 
the  narrow  portion  of  the  tube,  and  thence  conducted  to  the  cavity  of 
the  uterus. 

Accidental  causes  may  sometimes  disturb  the  regular  course  of 
passage  of  the  egg.  It  may  be  arrested  at  the  surface  of  the  ovary, 
and  thus  fail  to  enter  the  tube  at  all.  If  it  be  fecundated  and  go  on  to 
partial  development  in  this  situation,  it  will  give  rise  to  “ovarian 
pregnancy.”  The  egg  may  escape  from  the  fimbriated  extremity  of  the 
Fallopian  tube  into  the  peritoneal  cavity,  and  form  attachments  to  a 
neighboring  organ,  causing  “ abdominal  pregnancy or  finally,  it  may 
stop  in  some  part  of  the  Fallopian  tube,  and  so  give  origin  to  “ tubal 
pregnancy.” 

The  egg,  immediately  upon  its  discharge  from  the  ovary,  is  ready  for 
impregnation.  If  sexual  intercourse  take  place  about  that  time,  the 
egg  and  the  spermatozoa  meet  in  some  part  of  the  female  generative 
passages,  and  fecundation  is  accomplished.  It  appears  from  the  obser- 
vations of  Bischoff',  Coste,  and  Martin  Barry2  upon  rabbits,  that  the 
contact  between  the  egg  and  the  spermatozoa  may  take  place  either  in 
the  uterus  or  any  part  of  the  Fallopian  tubes,  or  even  upon  the  surface 
of  the  ovary.  If,  on  the  other  hand,  sexual  coitus  do  not  take  place, 
the  egg  passes  down  to  the  uterus  unimpregnated,  loses  its  vitality  after 
a short  time,  and  is  carried  away  with  the  uterine  secretions. 

It  is  easily  understood,  therefore,  why  sexual  intercourse  should  be 
more  liable  to  be  followed  by  pregnancy  when  occurring  about  the 

1 Histoire  du  I)6veloppement  des  Corps  Organises.  Paris,  1847,  tome  i.  p.  221. 

2 Philosophical  Transactions.  London,  1839,  p.  315. 
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menstrual  epoch  than  at  other  times.  This  fact,  established  as  a matter 
of  observation  by  practical  obstetricians,  depends  upon  the  coincidence 
in  time  between  the  occurrence  of  menstruation  and  the  discharge  of  the 
egg.  Before  its  discharge,  the  egg  is  immature,  and  unfit  for  impregna- 
tion ; and  after  the  menstrual  period  has  passed,  it  loses  its  freshness 
and  vitality.  The  exact  length  of  time,  preceding  and  following  the 
menses,  during  which  impregnation  is  possible,  has  not  been  ascer- 
tained. The  spermatozoa,  on  the  one  hand,  retain  their  vitality  for  an 
unknown  period  after  coition,  and  the  egg  for  an  unknown  period  after 
its  discharge.  Both  these  occurrences  may  either  precede  or  follow 
each  other  within  certain  limits,  and  impregnation  may  still  take  place; 
but  the  precise  extent  of  these  .limits  is  uncertain,  and  is  probably  more 
or  less  variable  in  different  individuals. 

The  above  facts  indicate  the  true  explanation  of  certain  exceptional 
cases,  in  which  fertility  exists  without  menstruation.  Various  authors 
(Churchill,  Reid,  Velpeau)  have  related  instances  of  fruitful  women  in 
whom  the  menses  were  scanty  and  irregular,  or  even  entirely  absent. 
The  menstrual  flow  is  only  the  external  accompaniment  of  a more, 
important  process  taking  place  within.  It  is  habitually  scanty  in  some 
individuals,  and  abundant  in  others.  Such  variations  depend  upon  the 
condition  of  vascular  activity  of  the  system  at  large,  or  of  the  uterine 
organs  in  particular;  and  though  the  bloody  discharge  is  usually  an 
index  of  the  general  aptitude  of  these  organs  for  impregnation,  it  is 
not  an  absolute  or  indispensable  requisite.  Provided  a mature  egg  be 
discharged  from  the  ovary  at  the  appointed  period,  menstruation  properly 
speaking  exists,  and  pregnancy  is  possible. 

The  blood  which  escapes  during  the  menstrual  flow  is  supplied  by  the 
uterine  mucous  membrane.  If  the  cavity  of  the  uterus  be  examined 
after  death  during  menstruation,  its  internal  surface  is  found  smeared 
with  a sanguineous  fluid,  which  may  be  traced  through  the  uterine 
cervix  into  the  vagina.  The  Fallopian  tubes  are  sometimes  congested, 
and  filled  with  a similar  bloody  discharge.  The  menstrual  blood  has 
also  been  seen  to  exude  from  the  uterine  orifice  in  cases  of  procidentia 
uteri,  as  well  as  in  the  natural  condition  by  examination  with  the 
vaginal  speculum.  It  is  discharged  by  a kind  of  capillary  hemorrhage, 
and,  as  a general  rule,  does  not  form  a visible  coagulum,  owing  to  its 
being  gradually  exuded  from  many  minute  points,  and  mingled  with  a 
large  quantity  of  mucus.  When  poured  out  more  rapidly  or  in  larger 
quantity  than  usual,  as  in  menorrhagia,  the  menstrual  blood  coagulates 
in  the  same  manner  as  that  derived  from  other  sources.  Its  discharge 
takes  place  from  the'  whole  extent  of  the  mucous  membrane  of  the  body 
of  the  uterus,  and  is,  at  the  same  time,  the  consequence  and  the  natural 
termination  of  the  periodical  congestion  of  the  parts. 


CHAPTER  VI. 


THE  CORPUS  LUTEUM,  AND  ITS  CONNECTION 
WITH  MENSTRUATION  AND  PREGNANCY. 

After  the  rupture  of  the  Graafian  follicle  at  the  menstrual  period,  a 
bloody  cavity  is  left  in  the  ovary,  which  is  subsequently  obliterated  by 
a kind  of  granulating  process,  somewhat  similar  to  the  healing  of  an 
abscess.  The  office  of  the  Graafian  follicle  is  to  provide  for  the  forma- 
tion and  growth  of  the  egg  within  the  ovary.  After  the  lipening  and 
discharge  of  the  egg,  the  Graafian  follicle  has  no  longer  any  function  to 
perform.  It  then  only  remains  for  it  to  pass  through  a process  of 
obliteration,  as  an  organ  which  has  become  obsolete.  While  undergoing 
this  process,  the  Graafian  follicle  is  at  one  time  converted  into  a pecu- 
liar, solid,  spheroidal  body,  called  the  corpus  luteum;  a name  derived 
from  the  yellow  color  which  it  acquires  at  a certain  period  of  its  forma- 
tion. 

In  different  species  of  mammalians,  the  corpus  luteum  is  characterized 
by  certain  peculiarities  of  size,  color,  rapidity  of  growth,  and  disappear- 
ance, which  are  distinctive  for  each  particular  kind  of  animal ; although 
the  general  process  of  its  formation  and  atrophy  is  the  same  in  all.  In 
the  human  female  it  is  marked  by  a moderately  large  size,  a biilliant 
yellow  hue  at  a certain  period  of  its  development,  and  the  presence  of 
blood  in  its  central  cavity,  distinguishable  by  its  color  for  two  or  three 
weeks  after  the  rupture  of  the  follicle.  The  details  of  its  giowth  and 
retrocession,  which  follow  a certain  regular  course  during  the  noimal 
recurrence  of  the  menstrual  periods,  are  modified  to  an  appieciable 
degree  by  the  occurrence  of  pregnancy.  In  the  first  instance,  it  is 
known  as  the  corpus  luteum  of  menstruation ; in  the  second  as  the 
corpus  luteum  of  pregnancy. 

I.  Corpus  Luteum  of  Menstruation. 

At  each  menstrual  epoch,  in  the  human  female,  a Graafian  follicle 
swells,  protrudes  from  the  surface  of  the  ovary,  ruptures,  and  discharges 
its  mature  egg.  At  the  moment  of  rupture,  or  immediately  afteiwaid, 
a somewhat  abundant  hemorrhage  takes  place  from  the  follicle,  and 
its  cavity  is  filled  with  blood.  This  blood  coagulates  soon  after  its 
exudation,  as  it  would  if  extravasated  elsewhere,  and  the  coagulum 
is  retained  in  the  interior  of  the  Graafian  follicle.  The  opening  by  which 
the  egg  makes  its  escape  is  usually  a minute  rounded  perforation,  often 
not  more  than  one  millimetre  in  diameter.  A small  probe,  introduced 
4G  (113) 
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through  this  opening,  passes  directly  into  the  cavity  of  the  Graafian 
follicle.  If  the  follicle  be  opened  at  this  time  by  a longitudinal  incision 

through  the  substance  of  the  ovary  (Fig.  233), 
it  will  be  seen  to  form  a globular  cavity,  between 
one  and  two  centimetres  in  diameter,  containing 
a soft,  recent,  dark-colored  coagulum.  The  co- 
agulum  has  no  organic  connection  with  the  walls 
of  the  follicle,  but  lies  loose  in  its  cavity,  and 
may  be  easily  turned  out  with  the  handle  of  a 
knife.  There  is  sometimes  a slight  mechanical 
adhesion  of  the  clot  to  the  edges  of  the  lacerated 
opening;  but  there  is  no  continuity  of  substance 
between  them,  and  the  clot  may  be  separated  by 
careful  manipulation.  The  membrane  of  the 
vesicle  presents  at  this  time  a smooth,  trans- 
parent, and  vascular  internal  surface. 

An  important  change  soon  afterward  begins 
to  take  place,  both  in  the  central  coagulum  and 
in  the  vesicular  membrane. 

The  clot,  which  is  at  first  large,  soft,  and 
gelatinous,  begins  to  contract;  and  the  serum 
separates  from  the  coagulum  proper.  The  serum, 
as  it  separates,  is  absorbed  by  the  neighboring 
parts;  and  the  clot,  accordingly,  grows  smaller  and  denser  than  before. 
At  the  same  time  the  coloring  matter  of  the  blood  undergoes  the  usual 
changes  which  occur  in  it  after  extravasation,  and  is  partially  reab- 
sorbed together  with  the  serum.  This  second  change  is  somewhat  less 
rapid  than  the  former,  but  a diminution  of  color  is  very  perceptible  in 
the  clot,  at  the  expiration  of  two  weeks  from  the  rupture  of  the  follicle. 

The  vesicular  membrane  during  this  time  is  beginning  to  undergo  a 
process  of  development,  by  which  it  becomes  thickened  and  convoluted, 
and  tends  partially  to  fill  the  cavity  of  the  follicle.  The  l^pertrophy 
and  convolution  of  the  vesicular  membrane  commences  first  and  pro- 
ceeds most  rapidly  at  the  deeper  part  of  the  follicle,  opposite  the  situa- 
tion of  the  rupture.  From  this  point,  the  membrane  becomes  thinner 
and  less  convoluted  as  it  approaches  the  surface  of  the  ovarjt  and  the 
edges  of  the  ruptured  orifice. 

At  the  end  of  thi'ee  weeks,  the  hypertrophy  of  the  vesicular  mem- 
brane has  reached  its  maximum.  The  ruptured  Graafian  follicle  has 
now  become  so  completely  solidified  by  the  growth  above  described, 
and  by  the  condensation  of  its  clot,  that  it  presents  the  appearance  of 
a new  body  imbedded  in  the  ovarian  tissue,  and  receives  the  name  of 
corpus  luteum , although  its  yellow  color  is  not  yet  distinctly  developed. 
It  forms  a perceptible  prominence  on  the  surface  of  the  ovary,  and  may 
be  felt  as  a well-defined  rounded  tumor,  nearly  always  somewhat  flat- 
tened from  side  to  side.  It' measures  about  19  millimetres  in  length 
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Graafian  Follicle 
of  the  human  ovary;  re- 
cently ruptured  (luring 
mestruation,and  filled  with 
coagulated  blood  ; longitu- 
dinal section.— a.  Tissue  of 
the  ovary,  containing  un- 
ruptured Graafian  follicles. 
b.  Vesicular  membrane  of 
the  ruptured  follicle,  c. 
Point  of  rupture. 
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Fig.  234. 


Human  Ovary  cut  open,  show- 
ing a corpus  luteum,  divided  longi- 
tudinally; three  weeks  after  men- 
struation. From  a girl,  twenty  years 
of  age,  dead  of  haemoptysis. 


and  about  12  millimetres  in  depth.  On  its  surface  may  be  seen  a 
minute  cicatrix,  occupying  the  spot  of  the  original  i upture. 

On  cutting  it  open  at  this  time  (Fig.  234),  the  corpus  luteum  is  seen 
to  consist,  as  above  described,  of  a central  coagulum  and  a convoluted 
■wall.  The  coagulum  is  semi-transparent, 
of  a gray  or  light  greenish  color,  more  or 
less  mottled  with  red.  The  convoluted 
wall  is  about  3 millimetres  thick  at  its 
deepest  part,  and  of  an  indefinite  yellow- 
ish or  rosy  hue,  not  very  different  in 
tinge  from  the  rest  of  the  ovarian  tissue. 

The  convoluted  wall  and  the  contained 
clot  lie  simply  in  contact  with  each  other, 
as  at  first,  without  any  intervening  or- 
ganic connection ; and  they  may  still  be 
readily  separated  from  each  other  by  the 
handle  of  a knife  or  the  flattened  end  of 
a probe.  The  whole  corpus  luteum  may 
also  be  stripped  out,  or  enucleated  from 
the  ovarian  tissue,  just  as*  might  have 
been  done  with  the  Graafian  follicle  pre- 
viously to  its  rupture.  When  separated 
in  this  way  from  the  neighboring  parts,  it  presents  itself  under  the 
form  of  a solid  globular  or  flattened  mass,  with  a convoluted  external 
surface  covered  with  the  remains  of  the  connective  tissue  by  which  it 
was  previously  united  with  the  substance  of  the  ovary. 

We  have  had  an  opportunity  of  examining  a corpus  luteum  of  this 
period,  in  an  ovary  immediately  after  its  removal  from  the  body  of  the 
living  woman.  It  was' on  the  occasion  of  the  extirpation  by  Prof.  T T. 
Sabine,  in  1814,  of  the  left  ovary  for  obstinate  ovarian  neuralgia,  from 
an  unmarried  woman,  otherwise  healthy,  25  years  of  age.1  The  last 
menstrual  period  had  terminated  exactly  three  weeks  before  the  date 
of  the  operation,  and  a new  one  commenced  twenty-four  hours  after- 
ward. The  extirpated  ovary  presented  a perfectly  normal  appearance, 
and  contained  a corpus  luteum  similar  in  all  respects  to  that  represented 
in  Figure  234.  Its  convoluted  wall  was  fully  formed,  without  any  dis- 
tinctly marked  yellow  tinge,  and  the  central  coagulum  was  partly,  but 
not  entirely,  decolorized.  The  patient  recovered  without  difficulty. 

After  the  third  week  from  the  close  of  menstruation,  the  corpus 
luteum  passes  into  a retrograde  condition.  It  diminishes  perceptibly 
in  size,  and  the  central  coagulum  continues  to  be  absorbed  and  loses 
still  farther  its  coloring  matter.  The  whole  body  undergoes  a process 
of  partial  atrophy ; and  at  the  end  of  the  fourth  week  it  is  less  than  10 
millimetres  in  its  longest  diameter  (Fig.  235).  The  external  cicatrix 
may  still  usually  be  seen,  as  well  as  the  point  where  the  central  coagu- 


1 New  York  Medical  Journal,  January,  1875,  p.  37. 
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lum  comes  in  contact  with  the  peritoneal  surface.  There  is  still  no 
organic  connection  between  the  central  coagulum  anil  the  convoluted 

wall ; but  the  partial  condensation  of  the  clot 
and  the  continued  folding  of  the  wall  prevent 
the  separation  of  the  two  being  so  easily  accom- 
plished as  before.  The  entire  corpus  luteum 
may  still  be  extracted  from  its  bed  in  the  ova- 
rian tissue. 

The  color  of  the  convoluted  wall,  during  this 
stage,  instead  of  fading,  like  that  of  the  fibrinous 
coagulum,  becomes  more  strongly  marked.  -From 
having  a dull  yellowish  or  rosy  hue,  as  at  first, 
it  gradually  assumes  a more  decided  jrnllow. 
This  change  of  color  is  produced  simultane- 
ously with  a kind  of  fatty  degeneration  which 
takes  place  in  its  texture;  a large  quantity  of 
oil-globules  being  deposited  in  it  at  this  time, 
which  are  recognizable  under  the  microscope. 
At  the  end  of  the  fourth  week,  the  alteration  in 
hue  is  complete ; and  the  outer  wall  of  the  cor- 
pus luteum  is  then  of  a clear  chrome  yellow  color,  by  which  it  is  readily 
distinguished  from  the  neighboring  tissues. 

After  this  period,  the  process  of  degeneration  goes  on  rapidly.  The 
clot  becomes  more  dense  and  shrivelled,  and  is  converted  into  a minute, 

stellate,  white,  or  reddish-white  cicatrix.  The 
yellow  wall  becomes  softer  and  more  friable, 
and  shows  less  distinctly  the  marking  of  its 
convolutions.  At  the  same  time  its  surface 
becomes  confounded  with  the  central  coagu- 
lum on  the  one  hand,  and  with  the  neighbor- 
ing parts  on  the  other,  so  that  it  is  no  longer 
possible  to  separate  them  fairly  from  each 
other.  At  the  end  of  eight  or  nine  weeks 
(Fig.  236)  the  whole  mass  is  reduced  to  the 
condition  of  an  insignificant,  yellowish,  cica- 
trix-like spot,  measuring  about  6 millimetres 
in  its  longest  diameter,  in  which  the  original 
texture  of  the  corpus  luteum  can  be  recog- 
nized only  by  the  peculiar  folding  and  color- 
ing of  its  constituent  parts.  Subsequently 
its  atrophy  goes  on  less  rapidly,  and  a period  of  seven  or  eight  months 
sometimes  elapses  before  its  complete  disappearance. 

The  corpus  luteum,  accordingly,  is  a formation  which  results  from 
the  obliteration  of  a ruptured  Graafian  follicle.  Under  ordinary  con- 
ditions, a corpus  luteum  is  produced  at  every  menstrual  period ; and 
notwithstanding  the  rapidity  of  its  retrogression  and  atrophy,  a new 
one  is  alwa3rs  formed  before  its  predecessor  has  entirely  disappeaied. 


Fig.  236. 


Human  Ova p.t,  showing  a 
corpus  luteum,  nine  weeks  after 
menstruation;  from  a girl  dead 
of  tubercular  meningitis. 


Fig.  235. 


Human  Ovary,  show- 
ing a corpus  luteum,  four 
weeks  after  menstruation; 
from  a woman  dead  of  apo- 
plexy. 
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When,  therefore,  we  examine  the  ovaries  of  a healthy  female,  in  whom 
the  menses  have  recurred  with  regularity  for  some  time  previous  to 
death,  several  corpora  lutea  will  be  met  with,  in  different  stages  of 
growth.  We  have  found,  under  such  circumstances,  four,  five,  six,  and 
even  eight  corpora  lutea  in  the  ovaries  at  the  same  time,  perfectly  dis- 
tinguishable by  their  texture,  though  very  small,  and  most  of  them  in 
a state  of  advanced  retrogression.  They  finally  disappear  altogether, 
and  the  number  of  those  present  in  the  ovary  no  longer  corresponds 
with  that  of  the  Graafian  follicles  which  have  been  ruptured. 

II.  Corpus  Luteum  of  Pregnancy. 

The  process  above  described  takes  place  at  every  menstrual  period, 
independently  of  impregnation  and  sexual  intercourse.  The  mere  pre- 
sence of  a corpus  luteum,  therefore,  is  no  indication  that  pregnancy  has 
existed,  but  only  that  a Graafian  follicle  has  been  ruptured  and  its 
contents  discharged.  It  is  found,  nevertheless,  that  when  pregnancy 
takes  place,  the  appearance  of  the  corpus  luteum  becomes  so  modified  as 
to  be  readily  distinguished  from  that  which  follows  the  ordinary  men- 
strual process. 

The  distinction  between  these  two  kinds  of  corpora  lutea  is  not  an 
essential  or  fundamental  difference ; since  they  both  originate  in  the 
same  way,  and  are  composed  of  the  same  structures.  It  is  only  a differ- 
ence in  the  rapidity  and  degree  of  their  development.  While  the  corpus 
luteum  of  menstruation  passes  rapidly  through  its  different  stages,  and 
is  soon  reduced  to  a condition  of  atrophy,  that  of  pregnancy  continues 
its  development  for  a longer  time,  attains  a larger  size  and  firmer 
organization,  and  disappears  at  a much  later  period. 

This  variation  in  the  history  of  the  corpus  luteum  depends  upon  the 
condition  of  the  pregnant  uterus.  This  organ  exerts  a sympathetic 
action,  during  pregnancy,  upon  many  other  parts  of  the  system.  The 
stomach  becomes  irritable,  the  appetite  is  capricious,  and  even  the 
mental  faculties  and  the  moral  disposition  are  frequently  more  or  less 
affected.  The  ovaries  feel  the  influence  of  gestation  more  decidedly 
than  other  organs,  since  they  are  more  closely  connected  with  the  uterus 
in  the  ordinary  performance  of  their  function.  The  moment  that  preg- 
nancy takes  place,  menstruation  is  arrested.  No  more  eggs  come  to 
maturity,  and  no  more  Graafian  follicles  are  ruptured,  during  the  whole 
period  of  gestation.  It  is  not  surprising  that  the  growth  of  the  corpus 
luteum  should  also  be  modified,  by  an  influence  which  affects  so  pro- 
foundly the  system  at  large,  as  well  as  the  ovaries  in  particular. 

During  the  first  three  weeks  of  its  formation  the  growth  of  the  corpus 
luteum  is  the  same  in  the  impregnated  as  in  the  unimpregnated  condition. 
But  after  that  time  a difference  becomes  manifest.  Instead  of  com- 
mencing a retrograde  course  during  the  fourth  week,  the  corpus  luteum 
of  pregnancy  continues  its  development.  The  external  wall  grows 
thicker,  and  its  convolutions  more  abundant.  Its  color  changes,  as 
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previously  described,  to  a bright  yellow  ; and  there  is  a deposit  of  fatty 
matter  in  the  form  of  microscopic  globules. 

By  the  end  of  the  second  month,  the  corpus  luteum  has  so  increased 
in  size  as  to  measure  22  millimetres  in  length  by  12  or  13  millimetres 
in  depth  (Fig.  237).  The  central  coagulurn  has  by  this  time  become 
almost  entirely  decolorized,  and  presents  the  appearance  of  a purely 

fibrinous  deposit.  Sometimes 
it  is  found  that  a part  of  the 
serum,  during  its  separation 
from  the  clot,  has  accumulated 
in  the  centre  of  the  mass,  as 
was  the  case  in  Fig.  237,  form- 
ing a little  cavity  containing  a 
clear  fluid  and  inclosed  by  a 
fibrinous  layer,  the  remains  of 
the  solid  portion  of  the  clot. 
The  existence  of  such  a cavity, 
however,  is  only  an  occasional, 
not  a constant,  phenomenon. 
More  frequently,  the  fibrinous 
clot  is  solid  throughout,  the 
serum  being  gradually  ab- 
sorbed, as  it  separates  sponta- 
neously from  the  coagulurn. 

During  the  third  and  fourth 
months,  the  enlargement  of  the 
corpus  luteum  continues  ; and 
at  the  end  of  that  time  it 
may  measure  22  millimetres 
in  length  by  18  or  19  milli- 
metres in  depth.  Its  flattened 
form  is  very  manifest,  so  that, 
in  a longitudinal  section,  it 
may  present  a near]}'  circular 
outline,  as  in  Fig.  238,  while  in  a transverse  section  it  is  a narrow  oval. 
The  convoluted  wall  is  still  more  highly  developed  than  before,  having 
a thickness,  at  its  deepest  part,  of  nearly  5 millimetres,  or  double  that 
presented  at  the  same  point  in  the  corpus  luteum  of  menstruation,  vhen 
at  its  largest  size.  Its  color,  however,  has  already  begun  to  fade,  and  is 
of  a dull  yellowish  tinge.  The  central  coagulurn,  perfectly  colorless  and 
fibrinous  in  appearance,  is  often  so  much  flattened  by  the  lateral  com- 
pression of  its  mass,  that  it  is  hardly  2 millimetres  in  thickness,  dhe 
other  relations  between  the  different  parts  remain  the  same. 

The  corpus  luteum  has  now  attained  its  maximum  of  development, 
and  continues  without  any  very  perceptible  alteration  during  the  fifth 
and  sjxth  months.  It  then  begins  to  retrograde,  diminishing  in  size 
during  the  seventh  and  eighth  months.  Its  external  wall  fades  still 


Fig.  237. 


Corpus  LiUTistrM  of  pregnancy,  nt  the  end 
of  the  second  month  ; from  a woman  dead  from 
induced  abortion. 


Fig.  238. 


Corpus  Luteum  of  pregnancy,  nt  the  end  of 
the  fourth  month  ; from  a woman  dead  by  poison. 
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Fig.  239. 


more,  becoming  of  a faint  yellowish-white  color,  not  unlike  that  pre- 
sented at  the  end  of  the  third  week.  Its  texture  is  thick,  soft,  and 
elastic,  and  it  is  strongly  convoluted.  An  abundance  ot  line  red  vessels 
can  be  seen  penetrating  from  the  exterior  into 
the  interstices  of  its  convolutions,  lhe  cential 
coagulum  is  reduced  by  this  time  to  the  condi- 
tion of  a whitish  radiated  cicatrix. 

Its  atrophy  continues  during  the  ninth  month. 

At  the  termination  of  pregnancy,  it  is  reduced  in 
size  to  12  or  13  millimetres  in  length  and  less 
than  10  millimetres  in  depth.  (Fig.  239.)  It  is 
then  of  a faint  indefinite  hue,  but  little  contrasted 
with  the  remaining  tissues  of  the  ovary.  The 
central  cicatrix  has  become  very  small,  and  ap- 
pears only  as  a thin  whitish  lamina,  with  radi- 
ating processes  which  penetrate  between  the  in- 
terstices of  the  convolutions.  The  whole  mass 
is  still  quite  firm  to  the  touch,  and  is  readily 
distinguishable,  both  from  its  size  and  texture, 
as  a prominent  feature  in  the  ovarian  tissue, 
and  a reliable  indication  of  pregnancy.  The 
convoluted  structure  of  the  external  wall  is  very 
perceptible,  and  the  point  of  rupture,  with  its  external  peritoneal  cicatrix, 


Corpus  Luteum  of 
pregnancy,  at  term,  from  a 
woman  dead  in  delivery 
from  rupture  of  the  uterus. 


still  distinctly  visible. 

After  delivery,  the  corpus  luteum  retrogrades  rapidly.  At  the  end  of 
eio-ht  or  nine  weeks,  it  has  become  so  much  altered  that  its  color  is  no 
longer  distinguishable,  although  indications  of  its  convoluted  structure 
may  still  be  discovered  by  close  examination.  These  traces  of  its 
existence  remain  for  a long  time  afterward,  more  or  less  concealed  in 
the  ovarian  tissue.  We  have  distinguished  them,  in  one  instance,  so 
late  as  nine  and  a half  months  after  delivery.  They  finally  disappear 
entirely,  together  with  the  external  cicatrix  which  previously  marked 
their  situation. 

During  the  existence  of  gestation,  the  process  of  menstruation  being 
suspended,  no  new  Graafian  follicles  are  ruptured,  and  no  new  corpora 
lutea  are  produced ; and  as  the  .old  ones,  formed  before  the  period  of 
conception,  fade  and  disappear,  the  corpus  luteum  which  marks  the 
occurrence  of  pregnancy  after  a time  exists  alone  in  the  ovary.  In 
twin  pregnancies,  we  of  course  find  two  corpora  lutea  in  the  ovaries ; 
but  these  are  precisely  similar  to  each  other,  and,  being  evidently  of  the 
same  date,  need  not  give  rise  to  any  confusion.  Where  there  is  but  a 
single  foetus  in  the  uterus,  and  the  ovaries  contain  two  corpora  lutea  of 
similar  appearance,  one  of  them  belongs  to  an  embryo  which  has  been 
blighted  in  the  early  part  of  pregnancy,  and  has  failed  of  its  develop- 
ment. The  remains  of  the  blighted  embryo  may  sometimes  be  dis- 
covered, in  such  cases,  in  some  part  of  the  Fallopian  tube,  where  it  has 
been  arrested  in  its  descent  toward  the  uterus. 
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After  lactation  lias  come  to  an  end,  the  ovaries  resume  their  ordinary 
function.  The  Graafian  lollicles  mature  and  rupture  in  succession,  as 
before,  and  new  corpora  lutea  follow  each  other  in  alternate  develop- 
ment and  disappearance. 

The  corpus  luteum  of  menstruation,  therefore,  differs  from  that  of 
pregnancy  in  the  extent  of  its  development  and  the  duration  of  its 
existence.  While  the  former  passes  through  all  the  important  phases 
of  its  growth  and  decline  in  a period  of  two  months,  the  latter  lasts 
from  nine  to  ten  months,  and  presents,  during  a great  portion  of  the 
time,  a larger  size  and  a more  solid  organization.  Even  in  the  corpus 
luteum  of  pregnancy,  the  bright  yellow  color,  which  is  so  important  a 
characteristic,  is  only  temporary  in  duration;  not  making  its  appearance 
till  about  the  end  of  the  fourth  week,  and  again  disappearing  after  the 
sixth  month. 

The  following  table  contains,  in  a condensed  form,  the  characters  of 
the  corpus  luteum,  as  belonging  to  the  two  different  conditions  of  men- 
struation and  pregnancy,  corresponding  with  different  periods  of  its 
development. 


Corpus  Luteum  op  Menstruation.  Corpus  Luteum  of  Pregnancy. 


At  tlxe  end  of 
three  iveeks. 
One  month. 

Two  months. 


Four  months. 


Six  months. 


Nine  months. 


Twelve  by  nineteen  millimetres 
convoluted  wall  pale. 

Smaller ; convoluted  wall  bright 
yellow  ; clot  still  reddish. 

Reduced  to  the  condition  of  an 
insignificant  cicatrix. 

Absent  or  unnoticeable. 


Absent. 


Absent. 


in  diameter;  central  clot  reddish; 

Larger;  convoluted  wall  bright 
yellow;  clot  still  reddish. 

Twelve  by  twenty-two  milli- 
metres in  diameter ; convo- 
luted wall  bright  yellow  ; clot 
perfectly  decolorized. 

Eighteen  by  twenty-two  millime- 
tres in  diameter ; clot  pale  and 
fibrinous ; convoluted  wall  dull 
yellow. 

Still  as  large  as  at  the  end  of 
the  second  month.  Clot  fibri- 
nous. Convoluted  wall  paler. 

Ten  by  thirteen  millimetres  in 
diameter ; central  clot  con- 
verted into  a radiating  cica- 
trix ; external  wall  tolerably 
thick  and  convoluted,  but 
without  any  bright  yellow 
color. 
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CHAPTER  YII. 

DEVELOPMENT  OF  THE  IMPREGNATED  EGG— SEG- 
MENTATION OP  THE  VI TELLUS— BLASTODERM- 
FORMATION  OF  ORGANS  IN  THE  FROG. 

The  egg,  while  still  contained  within  the  ovarian  follicle,  passes 
through  a series  of  consecutive  changes,  by  which  it  is  finally  brought 
to  the  condition  of  maturity.  During  this  period  it  increases  in  size, 
from  the  insignificant  dimensions  which  it  presents  in  the  earlier  stages 
of  its  formation,  to  those  of  its  complete  development  as  an  ovarian 
egg.  The  vitellus,  at  first  transparent  and  colorless,  is  not  only  en- 
larged, but  becomes  more  or  less  granular  and  opaque  by  the  deposit 
of  new  material  in  a different  form  ; and  in  birds  and  reptiles  it  assumes 
a distinctive  hue,  which  is  generally  orange  or  yellow.  These  modifica- 
tions are  due  to  the  spontaneous  growth  of  the  egg  and  the  parts  in 
which  it  is  inclosed  ; and  they  mark  a continuous  process  of  develop- 
ment taking  place  independently  in  the  generative  organs  of  the  female. 
The  last  change  which  occurs  in  the  ovarian  egg,  and  that  which  indi- 
cates its  complete  maturity,  is  the  disappearance  of  the  germinative 
vesicle.  This  body,  which  is  in  general  a distinctive  feature  of  the  ova- 
rian egg,  disappears  a short  time  previous  to  its  expulsion,  or  even  when 
it  is  just  on  the  point  of  leaving  the  Graafian  follicle. 

The  egg,  therefore,  at  the  time  of  its  discharge  from  the  ovary,  con- 
sists solely  of  the  mature  vitellus,  inclosed  in  the  vitelline  membrane; 
and  in  this  condition  it  meets  with  the  spermatozoa,  usually  in  some 
part  of  the  Fallopian  tube.  By  the  contact  of  the  male  elements,  and 
their  union  with  its  own  substance,  a new  stimulus  is  imparted  to  its 
growth;  and  while,  if  unimpregnated,  its  vitality,  on  arriving  at  this 
point,  would  have  reached  its  termination,  the  fecundated  egg,  on  the 
contrary,  starts  upon  a more  extensive  course  of  development,  by  which 
it  is  finally  converted  into  the  body  of  the  young  animal. 

Deposit  of  Albuminous  Layers  in  the  Fallopian  Tube. — The  egg,  in 
the  first  place,  as  it  passes  down  the  Fallopian  tube,  becomes  covered 
with  an  albuminous  secretion.  In  birds,  this  secretion  is  very  abun- 
dant, and  is  deposited  in  successive  layers  around  the  vitellus,  forming 
the  so-called  “ white  of  egg.”  In  reptiles,  it  is  also  poured  out  in  con- 
siderable quantity,  and  serves  for  the  nourishment  of  the  egg  during  its 
early  growth.  In  mammalians,  albuminous  matter  is  supplied  in  the 
same  way,  though  in  smaller  quantity,  by  the  mucous  membrane  of  the 
Fallopian  tube,  and  envelops  the  egg  in  a layer  of  nutritious  material. 
This  albuminous  layer,  although  its  absolute  quantity  is  very  small,  is 
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sufficiently  abundant,  in  proportion  to  the  size  of  the  mammalian  egg; 
and  it  serves  for  the  supply  of  organic  material  in  the  earlier  stages  of 
development,  before  the  egg  has  established  its  connection  with  the 
uterine  mucous  membrane. 

Segmentation  of  the  Vitellus. — A very  important  change  now  takes 
place  in  the  impregnated  egg,  which  is  known  as  the  division,  or  seg- 
mentation^ of  the  vitellus.  A furrow 
shows  itself,  running  round  the  globular 
mass  of  the  vitellus  in  a vertical  direction, 
which  gradually  deepens  until  it  has  di- 
vided the  vitellus  into  two  separate  halves 
or  hemispheres  (Fig.  240,  a.)  Almost  at 
the  same  time  another  furrow,  running  at 
right  angles  with  the  first,  penetrates  the 
substance  of  the  vitellus,  and  cuts  it  in  a 
transverse  direction.  The  vitellus  is  thus 
divided  into  four  equal  portions  (Fig.  240, 
6),  the  edges  and  angles  of  which  are 
rounded  off,  and  which  are  still  contained 
in  the  cavity  of  the  vitelline  membrane. 
The  spaces  between  them  and  the  internal 
surface  of  the  vitelline  membrane  are  oc- 
cupied by  a transparent  fluid. 

The  process  thus  commenced  goes  on 
by  a successive  formation  of  fuiTows  and 
sections,  in  various  directions.  The  four 
vitelline  segments  already  produced  are 
subdivided  into  sixteen,  the  sixteen  into 
sixty-four,  and  so  on ; until  the  whole  vi- 
tellus is  converted  into  a mulberry-shaped 
mass  of  mihute,  nearly  spherical  bodies, 
called  the  “vitelline  spheres.”  (Fig.  240, c.) 
The  vitelline  spheres  have  a somewhat 
firmer  consistency  than  the  original  sub- 
stance of  the  vitellus ; and  this  consistency 
appears  to  increase  as  they  multiply  in 
numbers  and  diminish  in  size.  At  last 
they  become  so  abundant  as  to  be  closely 
crowded  together  and  compressed  into  po- 
lygonal forms.  (Fig.  240,  d.)  They  have 
by  this  time  been  converted  into  a layer  of 
cells,  surrounding  the  original  central  cav- 
ity of  the  egg,  and  themselves  enveloped 
by  the  vitelline  membrane. 

The  segmentation  of  the  vitellus  constitutes  the  primary  act  in  the 
development  of  the  impregnated  egg.  It  is  this  remarkable  process 
which  is  the  sign  that  fecundation  has  taken  place,  and  that  the  forma- 


Fig.  240. 


Segmentation  op  the 
Vitellus. 
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tion  of  an  cmbiyo  has  commenced.  It  takes  place  in  all  species  of 
animals,  although  it  varies  in  detail  according  to  the  special  constitu- 
tion of  the  egg,  and  the  presence  or  absence  of  accessory  parts.  In  all 
the  mammalia,  as  well  as  in  many  of  the  invertebrates,  where  the  vitellus 
is  very  small,  and  where  the  body  of  the  embryo  immediately  after  its 
formation  is  to  be  supplied  with  nourishment  from  without,  the  process 
is  that  described  above.  In  the  birds,  in  scaly  reptiles,  and  in  many 
tish,  where  the  vitellus  or  yolk  is  of  large  size,  and  contains  additional 
nutritive  matter,  segmentation  takes  place  only  in  a thin  layer  which 
occupies  the  surface  of  the  great  mass  of  the  yolk ; and,  beginning  at 
one  spot,  extends  thence  from  within  outward,  so  that  it  advances  more 
rapidly  at  the  centre  of  the  segmenting  region  than  at  its  periphery. 
But  in  all  cases  segmentation  of  the  vitellus  is  the  first  change  to  occur 
in  the  process  of  development,  and  its  result  is  always  the  same,  namely, 
to  divide  the  vitellus,  which  was  at  first  of  uniform  texture  throughout, 
into  a great  number  of  minute  bodies,  which  soon  present  the  character 
of  animal  cells. 

Blastoderm,  or  Germinal  Membrane. — The  cells  which  are  formed,  in 
the  manner  above  described,  by  the  segmentation  of  the  vitellus,  become 
more  elosety  packed  as  they  increase  in  number ; and  finally,  by  their 
mutual  contact,  and  adhesion  at  their  adjacent  edges,  they  serve  to  form 
a continuous  organized  membrane,  known  as  the  germinal  membrane 
or  blastoderm. 

During  the  formation  of  this  membrane,  moreover,  the  egg,  while 
passing  through  the  Fallopian  tube,  increases  in  size.  The  albuminous 
matter  with  which  it  is  enveloped  becomes  liquefied  ; and,  being  absorbed 
by  endosmosis  through  the  vitelline  membrane,  furnishes  the  material 
for  the  more  solid  and  extensive  growth  of  the  newly-formed  structures. 
A certain  quantity  of  fluid  also  accumulates  in  the  central  cavity  of  the 

egg- 

The  next  change  which  takes  place  consists  in  the  division  or  splitting 
of  the  blastoderm  into  two  layers,  which  are  known  as  the  external  and 
internal  blastodermic  layers.  They  are  both  still  composed  exclusively 
of  cells ; but  those  of  the  external  layer  are  smaller  and  more  compact, 
while  those  of  the  internal  are  larger  and  less  consistent.  The  egg  then 
has  the  form  of  a globular  sac,  the  walls  of  which  consist  of  three  con- 
centric layers,  lying  in  contact  with  and  inclosing  each  other,  namely : 
1st,  the  structureless  vitelline  membrane  on  the  outside;  2d,  the  external 
blastodermic  layer,  composed  of  cells  ; and  3d,  the  internal  blastodermic 
layer,  also  composed  of  cells.  The  cavity  of  the  egg  is  occupied  by  an 
albuminous  fluid,  absorbed  from  the  exterior  and  destined  to  serve  as 
nutritious  material. 

It  is  by  this  process  that  the  simple  globular  mass  of  the  vitellus  is 
converted  into  an  organized  structure.  For  the  blastoderm,  although 
consisting  only  of  cells  which  are  nearly  uniform  in  size  and  shape,  is 
nevertheless  an  organized  membrane,  made  up  of  anatomical  elements. 
It  is  the  first  sign  of  distinct  organization  which  makes  its  appearance 
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in  the  egg ; and  as  soon  as  it  is  completed,  the  body  of  the  foetus  is 
formed.  The  blastoderm  is,  in  fact,  the  foetus  in  its  earliest  condition ; 
for  although  its  texture  is  at  this  time  exceedingly  simple,  all  the  various 
organs  of  the  body  will  afterward  be  produced  from  it  by  the  modifica- 
tion of  its  different  parts.  The  further  process  of  formation  is  com- 
paratively simple  in  some  classes  of  animals,  more  complicated  in 
others  ; and  its  general  features  are  most  easily  understood  by  com- 
mencing with  the  study  of  embryonic  development  as  it  takes  place  in 
the  frog. 

Formation  of  Organs  in  the  Embryo. — The  egg  of  the  frog,  when  dis- 
charged and  fecundated,  is  deposited  in  the  water,  enveloped  in  an  elastic 
cushion  of  albuminous  matter.  It  is  thus  freely  exposed  to  the  light, 
the  air,  and  the  moderate  warmth  of  the  sun’s  rays,  and  is  supplied 
with  an  abundance  of  moisture  and  appropriate  nutritious  material. 
Its  development  is  distinguished  accordingly  by  a character  of  great 
simplicity ; since  the  whole  of  the  vitellus  is  directly  converted  into  the 
body  of  the  embryo.  There  are  no  accessory  organs  required,  and  con- 
sequently no  complications  of  the  formative  process. 

The  two  blastodermic  layers,  above  described,  represent  together  the 
commencement  of  the  body  of  the  embryo.  They  serve,  however,  for 
the  production  of  two  different  systems;  and  the  entire  process  of  their 
development  may  be  expressed  as  follows : The  external  blastodermic 
layer  produces  the  slcin , the  cerebro-spinal  axis , and  the  organs  of  ani- 
mal life ; while  the  internal  layer  produces  the  mucous  membrane  of 
the  alimentary  canal , and  the  organs  of  nutrition. 

The  first  sign  of  advancing  organization  in  the  external  blastodermic 
layer  shows  itself  in  a thickening  and  condensation  of  its  structure. 
The  thickened  portion  has  the  form  of  an  elongated  oval  spot,  termed 

the  “embryonic  spot”  (Fig.  241),  the  wide 
edges  of  which  are  somewhat  more  opaque 
than  the  rest  of  the  blastoderm.  Inclosed 
within  these  opaque  edges  is  a narrower 
colorless  and  transparent  space,  the  “ area 
pellucida,”  and  in  its  centre  is  a delicate 
line,  or  furrow,  running  longitudinally  from 
front  to  rear,  called  the  “ primitive  trace.” 
In  the  anterior  portion  of  the  area  pel- 
lucida, the  substance  of  the  blastoderm  rises 
up  in  such  a manner  as  to  form  two  nearly 
parallel  ridges  or  plates,  which  approach 
each  other,  from  side  to  side,  over  what 
will  be  the  dorsal  aspect  of  the  embryo, 
and  are  therefore  called  the  “ dorsal  plates.” 

Between  them  is  included  a groove,  termed  the  “medullary  groove.” 
The  dorsal  plates  gradually  meet  each  other  and  coalesce  upon  the 
median  line,  thus  converting  the  intervening  groove  into  a canal.  The 
coalescence  of  the  edges  of  the  two  dorsal  plates  takes  place  first  in  the 


Fig.  241. 


Diagrammatic  view  of  the  Im- 
pregnated Egg,  showing  the 
embryonic  spot,  area  pellucida, 
and  primitive  trace. 
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anterior  part  of  the  area  pellucida  and  extends  gradually  backward  j 
and  when  it  is  complete  throughout  their  length,  the  whole  of  the 
medullary  groove  has  been  converted  into  a closed  canal.  This  is  the 
“ medullary  canal and  in  its  cavity  will  afterward  be  formed  the  cere- 
bro-spinal  axis,  by  a growth  of  nervous  matter  from  its  internal  surface. 
At  its  anterior  extremity,  the  medullary  canal  is  large  and  rounded,  to 
accommodate  the  brain  and  the  medulla  oblongata;  its  remainder  is 
narrow,  and  pointed  posteriorly,  and  is  destined  to  contain  the  spinal 
cord. 

In  a diagrammatic  section  of  the  egg  at  this  stage,  made  transversely 
to  the  longitudinal  axis  of  the  embryo  (Fig.  242),  the  dorsal  plates  may 
be  seen  approaching  each  other  above,  on  each  side  of  the  medullary 
groove.  At  a more  advanced  period  (Fig.  243)  they  are  fairly  united 
with  each  other,  and  inclose  the  cavity  of  the  medullary  canal.  At 


Fig.  242. 


Fig.  243. 


Diagrammatic  section  of  the  impregnated 
Ess  in  an  early  stage  of  development. — 1. 
External  blastodermic  layer.  2,  2.  Dorsal 
plates.  3.  Internal  blastodermic  layer. 


Impregnated  Egg,  at  a somewhat 
more  advanced  period.— 1.  Point  of  union 
between  the  abdominal  plates.  2,  2.  Dor- 
sal plates  united  with  each  other  on  the 
median  line  and  inclosing  the  medullary 
canal.  3, 3.  Abdominal  plates.  4.  Section 
of  the  spinal  colum  n,  with  laminae  and  ribs. 
6.  Internal  blastodermic  layer. 


the  same  time,  the  edges  of  the  thickened  portion  of  the  blastoderm 
grow  outward  and  downward,  extending  over  the  lateral  portions  of  the 
vitelline  mass.  These  are  called  the  “abdominal  plates;”  and,  as  they 
enlarge,  they  tend  to  approach  each  other  below  and  inclose  the  abdo- 
minal cavity,  as  the  dorsal  plates  united  above,  and  inclosed  the  medul- 
lary canal.  At  last  the  abdominal  plates  actually  unite  on  the  median 
line  (at  l,  Fig.  243),  embracing  the  whole  of  the  internal  blastodermic 
layer  (a),  which  incloses  in  turn  the  remains  of  the  original  vitellus  and 
the  albuminous  fluid  accumulated  in  its  cavity. 

During  this  time,  there  is  formed,  in  the  thickened  central  part  of 
the  blastoderm,  immediately  beneath  the  medullary  canal,  a longitudinal 
cartilaginous  cord,  the  “chorda  dorsalis.”  Around  the  chorda  dorsalis 
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are  afterward  developed  the  bodies  of  the  vertebrae  (Fig.  243,  4),  and 
the  oblique  processes  of  the  vertebrae  run  upward  from  this  point  into 
the  dorsal  plates,  while  the  transverse  processes  and  ribs  run  outward 
and  downward  in  the  abdominal  plates,  to  encircle  more  or  less  com- 
pletely the  corresponding  portion  of  the  body. 

In  a longitudinal  section  of  the  egg,  made  while  this  process  is  going 
on,  the  thickened  portion  of  the  external  blastodermic  layer  (Fig.  244,  1) 
may  be  seen  in  profile.  The  anterior  portion  (2),  which  will  form  the 
head,  is  thicker  than  the  posterior  (3),  which  will  form  the  tail.  As  the 
whole  mass  grows  rapidly,  both  in  the  anterior  and  the  posterior  direc- 
tion, the  head  becomes  thick  and  voluminous,  while  the  tail  begins  to 
project  backward,  and  the  egg  assumes  an  elongated  form.  (Fig.  245.) 


Fig.  245. 


Diagram  of  Frog’s  Egg,  in  an  early 
stage  of  development;  longitudinal  sec- 
tion _i.  Thickened  portion  of  external 
blastodermic  layer.  2.  Anterior  extremity 
of  the  embryo.  3.  Posterior  extremity  4. 
Internal  blastodermic  layer.  5.  Cavity  of 
vitellus. 


Egg  of  Frog,  in  process  of  develop- 
ment. 


Fig.  244. 


The  abdominal  plates  also  meet  upon  its  under  surface,  and  complete 
the  closure  of  the  abdominal  cavity.  The  internal  blastodermic  layer 
is  seen,  in  the  longitudinal  section  of  the  egg,  embraced  by  the  abdo- 
minal plates,  and  inclosing,  as  before,  the  remains  of  the  vitellus. 

As  development  goes  on  (Fig.  246),  the  head  becomes  larger,  and 
shows  traces  of  the  formation  of  organs  of  special  sense.  The  tail  also 


Fig.  246. 


Egg  of  Frog,  farther  advanced. 


increases  in  size,  and  projects  farther  from  the  posterior  extremity  of 
the  embryo.  The  spinal  cord  runs  in  a longitudinal  direction  from  front 
to  rear,  and  its  anterior  extremity  enlarges,  to  form  the  brain  and  me- 
dulla oblongata.  In  the  mean  time,  the  internal  blastodermic  layer, 
which  is  subsequently  converted  into  the  intestinal  canal,  has  been  shut 
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in  by  the  abdominal  walls,  and  still  forms  a closed  sac,  of  slightly 
elongated  figure,  without  inlet  or  outlet.  Afterward,  the  mouth  is 
formed  by  means  of  a perforation,  which  takes  place  through  both 
external  and  internal  layers  at  the  anterior  extremity;  while  a similar 
perforation,  at  the  posterior  extremity,  results  in  the  formation  of  the 
anus. 

By  a continuation  of  the  same  process,  the  different  portions  of  the 
external  blastodermic  layer  are  further  developed,  resulting  in  the  com- 
plete formation  of  the  various  parts  of  the  skeleton,  the  integument, 
the  organs  of  special  sense,  and  tiie  voluntary  muscles  and  nerves.  The 
tail  at  the  same  time  acquires  sufficient  size  and  strength  to  be  capable 
of  acting  as  an  organ  of  locomotion.  (Fig.  247.)  The  intestinal  canal, 


Fig.  247. 


Tadpole,  fully  developed. 


which  lias  been  formed  from  the  internal  blastodermic  layer,  is  at  first  a 
short,  wide,  and  nearly  straight  tube,  running  directly  from  the  mouth 
to  the  anus.  It  soon,  however,  begins  to  grow  faster  than  the  abdominal 
cavity  which  incloses  it,  becoming  longer  and  narrower,  and  is  at  the 
same  time  thrown  into  numerous  curvilinear  folds. 

Arrived  at  this  period,  the  young  tadpole  ruptures  the  vitelline  mem- 
brane, by  which  he  has  heretofore  been  inclosed,  and  leaves  the  cavity 
of  the  egg.  He  at  first  fastens  himself  upon  the  remains  of  the  albu- 
minous matter  deposited  round  the  egg,  and  feeds  upon  it  for  a short 
period.  He  soon,  however,  acquires  sufficient  strength  and  activity  to 
swim  about  freely  in  search  of  other  food,  propelling  himself  by  means 
of  his  large,  membranous,  and  muscular  tail.  The  alimentary  canal 
increases  in  length  and  becomes  spirally  coiled  up  in  the  abdominal 
cavity,  attaining  a length  from  seven  to  eight  times  greater  than  that  of 
the  entire  body. 

After  a time,  a change  takes  place  in  the  external  form  of  the  animal. 
The  posterior  limbs  are  the  first  to  make  their  appearance,  by  budding 
or  sprouting  from  the  sides  of  the  body  at  the  base  of  the  tail.  (Fig. 
248.)  The  anterior  extremities  are  for  a time  concealed  beneath  the 
integument,  but  afterward  become  liberated,  and  show  themselves  ex- 
ternally. At  first  both  the  fore  and  hind  legs  are  very  small,  incom- 
plete in  structure,  and  useless  for  purposes  of  locomotion.  They  soon, 
however,  increase  in  size  and  strength ; while  the  tail,  on  the  contrary, 
ceases  to  growr,  and  becomes  shrivelled  and  atrophied.  The  limbs,  in 
fact,  are  destined  finally  to  replace  the  tail  as  organs  of  locomotion  ; and 
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a time  at  last  arrives  (Fig.  249)  when  the  tail  has  altogether  disappeared, 
while  the  legs  have  become  fully  developed,  muscular,  and  powerful. 
Then  the  animal,  heretofore  confined  to  an  aquatic  mode  of  life,  becomes 
capable  of  living  upon  land,  and  a transformation  is  effected  from  the 
tadpole  into  the  frog. 

Pig.  248.  Fig-  249. 


Tadpole,  with  limbs  beginning  to  lie  formed.  Perfect  Frog. 

During  the  same  time,  other  changes  of  equal  importance  take  place 
in  the  internal  organs.  The  tadpole  at  first  breathes  by  gills  ; but  these 
organs  subsequently  become  atrophied,  and  are  replaced  by  lungs.  The 
structure  of  the  mouth,  also,  of  the  integument,  and  of  the  circulatory 
system,  is  altered  to  correspond  with  the  varying  conditions  and  wants 
of  the  growing  organism;  and  all  these  changes  taking  place,  in  pait 
successively  and  in  part  simultaneously,  bring  the  animal  at  last  to  a 
state  of  complete  formation. 

The  process  of  development,  as  thus  far  described,  may  be  recapitu- 
lated as  follows : 

1.  The  germinal  membrane  or  blastoderm,  produced  by  the  segmenta- 
tion of  the  vitellus,  consists  of  two  cellular  layers,  namely,  an  external 
and  an  internal  blastodermic  layer. 

2.  The  external  blastodermic  layer  incloses  by  its  dorsal  plates  the 
cerebro-spinal  canal,  and  by  its  abdominal  plates  the  abdominal  or 

visceral  cavity.  _ 

3.  The  internal  blastodermic  layer  forms  the  intestinal  canal,  which 
becomes  lengthened  and  convoluted,  and  communicates  with  the  exterior 
by  a mouth  and  anus  of  secondary  formation. 

' 4.  Finally,  the  cerebro-spinal  axis  and  its  nerves,  the  skeleton,  the 
organs  of  special  sense,  the  integument,  and  the  voluntary  muscles,  are 
developed  from  the  external  blastodermic  layer  ; while  the  anterior  and 
posterior  extremities  are  formed  from  the  same  layer  by  a process  of 
sprouting,  or  continuous  growth. 


CHAPTER  YIII. 

FORMATION  OF  THE  EMBRYO  IN  THE  FOWL’S  EGG. 

In  the  preceding  chapter  a condensed  description  has  been  given  of 
the  general  phenomena  of  embryonic  development,  as  illustrated  in  the 
egg  of  the  frog  This  species  is  useful  as  an  example,  to  exhibit  the 
progressive  alterations  of  form  which  lead  to  the  final  production  of 
a vertebrate  animal  out  of  the  fecundated  vitellus,  uncomplicated  by  the 
presence  of  anjr  accessory  organs.  But  the  development  of  the  chick,  in 
the  egg  of  the  fowl  during  incubation,  has  been  found  more  favorable 
for  the  study  of  certain  important  details.  The  readiness  with  which  the 
fowl’s  egg  may  be  obtained  in  all  the  successive  stages  of  incubation, 
and  the  convenient  size  of  the  embryo  in  the  earlier  periods  of  its  forma- 
tion, have  made  it  a favorite  subject  of  investigation  for  embryologists  ; 
and  some  of  the  most  valuable  discoveries  in  this  department  of  physi- 
ology have  resulted  from  observations  upon  the  young  chick  and  the 
mode  of  formation  of  its  different  organs. 

The  Yolk  and  the  Cicatricula.— The  yolk  of  the  fowl’s  egg  represents 
something  more  than  the  vitellus  proper.  Its  principal  mass  consists 
of  an  opaque,  yellow,  semifluid  substance,  the  “yellow  yolk,”  lvliich 
solidifies  on  boiling,  owing  to  its  large  proportion  of  albuminous  matter. 
This  substance  contains  a great  abundance  of  soft,  spherical,  finely 
granular  bodies,  from  25  to  100  mmm.  in  diameter. 

The  yellow  yolk  is  surrounded  everywhere  by  a thin  layer  of  nearly 
colorless  appearance,  the  “white  yolk,”  which  contains,  instead  of  the 
granular  spheres  described  above,  smaller  globular  bodies  with  one  or 
more  brightly  refracting  masses  in  their  interior.  The  albuminous 
matter  of  the  white  yolk,  furthermore,  does  not  solidify  firmly  on  the 
application  of  heat;  so  that  in  a boiled  egg  the  thin  outer  stratum  of  this 
substance  remains  semifluid.  There  is  also  a spot  in  the  centre  of  the 
yolk-sphere,  which  is  occupied  by  the  same  material,  and  which  conse- 
quently remains  soft  in  the  boiled  egg;  the  central  cavity  thus  left 
communicating  with  the  surface  of  the  yolk  by  a narrow  passage,  like 
the  neck  of  a flask. 

The  whole  yolk  is  thus  formed  of  two  substances,  which  are  distin- 
guished from  each  other  by  their  microscopic  characters  and  by  their 
comparative  coagulability  at  the  temperature  of  boiling  water.  Neither 
of  the  two  corresponds  with  the  granular  vitellus  of  the  mammalian  egg ; 
and  the  yolk,  as  a whole,  constitutes  a deposit  of  nutritious  material, 
superadded  to  the  vitellus  proper,  and  destined  to  be  absorbed  for  the 
support  of  the  embryonic  tissues.  This  yolk,  however,  is  formed,  in 
47  ( 129  ) 
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birds,  within  the  ovarian  follicle,  and  is,  in  respect  to  its  volume,  the 
main  constituent  of  the  ovarian  egg. 

At  one  point  upon  the  surface  of  the  yolk  of  the  fowl’s  egg,  while  still 
contained  within  the  ovarian  follicle,  there  is  a whitish  circular  spot 
about  5 millimetres  in  diameter,  lying  immediately  beneath  the  vitelline 
membrane.  This  is  the  cicatricula.  It  is  a thin  layer  of  uniformly 
granular  material,  containing  none  of  the  spherical  bodies  found  in  the 
white  and  yellow  yolk.  Its  granules  are  imbedded  in  a homogeneous 
substance  of  viscid  consistency,  by  which  they  are  agglutinated  into  a 
disk-like  mass.  In  its  centre  is  contained  the  germinative  vesicle, 
which  is  distinctly  visible  by  its  transparency  and  well-defined  outline, 
until  the  mature  egg  is  ready  to  leave  the  ovary,  when  it  disappears, 
as  in  other  classes  of  animals.  The  cicatricula  of  the  fowl’s  egg  cor- 
responds, therefore,  in  its  structure,  though  not  in  its  form,  with  the 
entire  vitellus  of  the  mammalian  egg.  Its  position  is  always  exactly 
above  the  tubular  prolongation  of  white  yolk,  already  described  as 
leading  to  the  central  cavity  of  the  egg. 

Formation  of  the  Blastoderm. — The  fowl’s  egg  is  fecundated  soon 
after  leaving  the  ovary,  and  while  in  the  upper  portion  of  the  ovi- 
duct. The  segmentation  of  the  cicatricula  then  begins,  by  a furrow 
which  passes  across  its  disk,  and  which  is  followed  by  others  running 
in  different  directions.  By  the  continued  multiplication  of  these  fur- 
rows, the  substance  of  the  cicatricula  is  divided  successively  into 
smaller  and  smaller  portions;  the  process  beginning  and  proceeding 
most  rapidly  at  its  centre,  but  extending  thence  outward  to  the  peri- 
phery. When  these  divisions  have  become  reduced  in  size  and  increased 
in  number  to  a certain  degree,  they  present,  as  in  other  instances,  the 
form  and  structure  of  distinct  cells.  The  cells  are  in  two  layers.  Those 
of  the  upper  layer  are  smaller,  more  numerous,  cylindrical  or  prismatic 

Fig.  250. 


Vertical  Section  through  a portion  op  the  Blastoderm  of  a fowl’s 
egg,  at  the  commencement  of  incubation.— 1.  Upper  cellular  layer.  2.  Lower  cellular  layer. 
3,  3.’  Larger  cells,  found  in  small  number  beneath  those  of  the  lower  layer.  (Foster  and  Bal- 
four.) 

in  form,  standing  upright  side  by  side,  like  the  cells  of  columnar  epithe- 
lium, and  adherent  to  each  other  by  their  adjacent  surfaces.  According 
to  Foster  and  Balfour1  they  have  a very  uniform  size  of  9 mmm.,  and 
most,  if  not  all  of  them  are  provided  with  a distinct  oval  nucleus.  The 


1 Elements  of  Embryology.  London,  1874,  p.  17. 
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cells  of  the  lower  layer  are  rather  larger,  more  globular  in  form,  and  less 
closely  united  with  each  other.  The  whole  forms  an  organized  cellular 
membrane,  the  blastoderm , which  occupies  the  place  of  the  original 
cieatricula. 

Thus  the  blastoderm,  or  germinal  membrane,  is  formed  in  the  impreg- 
nated fowl’s  egg  by  a process  of  segmentation  essentially  similar  to  that 
which  takes  place  in  eggs  of  other  kinds.  It  presents  the  appearance  of 
a thin  sheet,  of  uniform  texture,  composed  of  nothing  but  cells,. lying 
at  one  spot  upon  the  surface  of  the  yolk.  Its  formation,  which  begins 
immediately  after  the  impregnation  of  the  egg,  continues,  under  the 
influence  of  the  animal  temperature,  during  the  eighteen  or  twenty  hours 
that  the  egg  is  retained  in  the  oviduct  for  the  deposit  of  its  albumen  and 
external  envelopes.  According  to  Foster  and  Balfour,  it  has  reached  the 
condition  of  a distinct  cellular  membrane  at  the  time  of  the  expulsion 
of  the  egg.  If  afterward  kept  at  a low  temperature  it  remains  in  this 
state ; but,  if  subjected  to  natural  or  artificial  incubation  at  a tempera- 
ture of  38°  (100°  F.)?  it  goes  on  to  the  further  development  of  the  body 
of  the  embrj-o. 

Folds  of  the  Blastoderm. — The  form  of  the  body  of  the  embryo  and 
of  its  different  parts  is  sketched  out,  in  all  cases,  by  means  of  a series 
of  folds,  which  show  themselves  at  various  points  in  the  blastoderm. 
This  membrane  presents  at  first  a flat  surface ; or,  if  it  have  a certain 
degree' of  convexity,  corresponding  with  that  of  the  yolk  upon  which  it 
lies,  this  convexity  is  perfectly  uniform,  and  is  too  slightly  pronounced 
to  be  appreciable  within  the  limits  of  the  blastoderm.  But  as  soon  as 
development  begins  to  make  a definite  progress,  this  uniformity  of  sur- 
face is  broken  by  the  appearance  of  folds  or  ridges,  which  are  directed 
longitudinalty  or  transversely,  and  which  thus  mark  the  lines  of  separa- 
tion between  different  parts  of  the  blastoderm.  Such  a fold,  running  in 
a curvilinear  direction  from  side  to  side,  marks  the  position  of  the  head 
of  the  embryo,  and  is  called  the  “ head-fold.”  The  free  border  of  this 
mass,  projecting  forward  and  above  the  neighboring  portion  of  the  blas- 
toderm, becomes  in  fact  the  head,  which,  as  well  as  the  neck,  is  curved 
more  and  more  forward  and  downward,  in  the  subsequent  stages  of 
embryonic  growth,  with  the  deepening  of  the  fold  which  first  gave  origin 
to  it  as  a distinct  part.  A similar  transverse  curvilinear  fold  at  the 
posterior  portion  of  the  area  pellucida,  marks  off  the  hinder  extremity 
of  the  embryo,  and  is  called  the  “ tail-fold.”  Longitudinal  folds  are 
also  formed  in  the  same  manner,  one  on  each  side,  which  fix  the  lateral 
limits  of  the  body  of  the  embryo. 

By  this  means,  a certain  portion  of  the  blastoderm  becomes  distinctly 
marked  off  from  the  rest.  The  part  included  within  the  transverse  and 
longitudinal  folds  is  immediately  recognizable  as  the  body  of  the  embryo; 
while  that  which  remains  outside  these  limits  becomes  developed  into 
accessory  organs,  playing  an  important  though  secondary  part  in  the 
history  of  development.  This  forms  a marked  distinction  between  the 
process  as  it  takes  place  in  the  fowl’s  egg,  apd  that  already  described  in 
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the  egg  of  the  frog.  In  the  frog,  the  whole  of  the  blastoderm  serves  for 
the  formation  of  the  body  of  the  embryo.  In  the  fowl,  only  a portion 
of  it  is  immediately  devoted  to  that  object ; while  the  remainder  extends 
itself  over  the  voluminous  yolk,  to  be  employed  for  the  absorption  of 
nutritious  material  and  its  indirect  transfer  to  the  embryonic  tissues. 

But  even  within  the  limits  of  the  body  of  the  embryo,  similar  folds 
of  the  blastoderm  become  visible,  and  are  the  principal  means  of  forma- 
tion for  its  different  organs.  The  earliest  permanent  appearances  of 
this  kind  are  the  longitudinal  ridges  which  include  between  them  the 
“medullary  groove”  (Fig.  252,  I.),  and  which  afterward,  by  coalescing 
with  each  other  along  the  median  line  of  the  back,  inclose  the  medul- 
lary canal  (Fig.  252,  II.).  That  these  ridges  or  “dorsal  plates,”  as  well 
as  the  groove  between  them,  are  produced  by  the  formation  of  folds,  is 
plain  from  the  fact  that  the  surface  of  the  groove,  while  still  open,  is 
continuous,  over  its  undulating  borders,  with  that  of  the  neighboring 
part  of  the  blastoderm  ; and  that  after  its  closure,  its  cavity  is  lined 
with  a layer  of  cells  identical  in  form  with  those  on  the  free  surface  of 
the  blastoderm  above.  It  is  also  shown,  by  transverse  sections  of  the 
embryo  (His,  Foster  and  Balfour),  that  the  folds  in  question  pass 
through  the  whole  thickness  of  the  outer  blastodermic  layer.  Accord- 
ing to  Foster  and  Balfour,  the  medullary  canal,  in  the  fowl’s  egg,  is 
completely  closed  at  the  region  of  the  head  on  the  second  dajr  of  incu- 
bation ; after  which  the  coalescence  of  its  edges  goes  on  progressively 
from  before  backward. 

The  closure  of  the  abdomen  in  front,  and  the  conversion  of  the  inner 
layer  of  the  blastoderm  into  an  intestinal  canal,  take  place  by  a similar 
production  of  lateral  folds,  approaching  each  other  along  the  median 
line.  For,  as  the  limits  of  the  body  of  the  embiyo  are  marked  off,  on 
each  side,  from  the  rest  of  the  blastoderm  by  an  inverted  fold,  when 
this  fold  becomes  deeper  its  borders  are  brought  nearer  to  each  other. 
Thus  the  body  of  the  embiyo  is  at  first  spread  out  on  the  surface  of  the 
vitellus,  lying,  as  it  were,  upon  the  mucous  membrane  of  its  open  alimen- 
tary canal.  But  as  the  folds  which  mark  its  lateral  borders  penetrate 
more  deeply  below  the  surface  (Fjg.  252,  IV.),  the  sides  of  the  embryo 
shut  in  between  them  a portion  of  this  mucous  membrane,  and  at  last 
completely  inclose  it  in  the  abdominal  cavity,  in  the  same  manner  as  the 
dorsal  folds  inclose  the  medullary  canal. 

The  folds  of  the  blastoderm,  which  thus  determine  the  configuration 
of  the  embryo,  are  the  result  of  a special  activity  of  growth  in  par- 
ticular parts  of  the  blastodermic  layers.  If  the  blastoderm  were  to 
grow  only  at  its  edges,  these  would  simply  extend  farther  and  farther 
over  the  vitellus,  the  central  portion  remaining  as  before.  Or  if  it  were 
to  increase  at  a uniform  rate  in  all  its  parts  at  the  same  time,  its  form 
would  not  necessarily  be  subjected  to  any  special  alteration.  This  is 
what  really  takes  place  during  the  production  of  the  blastoderm  itself. 
The  segmentation  of  the  vitellus,  and  the  organization  of  the  cellular 
layers,  go  on  with  a similar  activity  in  all  directions,  extending  uni- 
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formly  from  the  centre  outward.  The  blastoderm  accordingly,  when 
completed,  is  a smooth,  even  membrane,  having  the  same  texture 
throughout. 

But  when  the  process  of  incubation  commences,  the  blastoderm  grows 
more  rapidly  at  particular  points,  and  along  certain  lines  ol  direction, 
than  elsewhere.  What  may  be  the  determining  cause  of  such  a con- 
centration of  growth  in  special  situations,  it  is  impossible  to  say  ; but 
its  result  is  that  the  blastoderm,  enlarging  more  rapidly  in  one  direction 
than  another,  is  thrown  into  undulations,  which  indicate,  by  their  posi- 
tion and  size,  the  unequal  expansion  of  the  blastodermic  membrane. 
Thus,  if  it  grow  more  rapidly  at  one  particular  point  than  in  any  of  the 
surrounding  parts,  it  will  form  at  that  spot  a conical  eminence  or  de- 
pression, according  as  it  meets  with  less  resistance  above  or  below.  If 
a similar  rapidity  of  increase  were  to  affect  a considerable  portion  of  the 
membrane  along  a transverse  line,  the  consequence  would  be  a transverse 
fold;  and  if  the  same  thing  were  to  occur  in  an  antero-posterior  direc- 
tion, it  would  cause  a longitudinal  fold.  The  subsequent  history  of  em- 
bryonic development  shows  continual  repetitions  of  this  process,  often 
on  a much  larger  scale  than  that  exhibited  in  the  blastoderm.  T.  he 
folds  of  the  intestinal  canal,  the  valvulse  conniventes  of  its  mucous 
membrane,  the  convolutions  of  the  brain,  and  the  tubular  windings  of 
the  perspiratory  glands,  with  many  other  analogous  forms,  are  pio- 
duced  in  a similar  way.  All  these  structures  are  at  first  smooth  or 
straight.  They  become  thrown  into  folds  or  convolutions  at  some  period 
during  the  development  of  the  embryo,  whenever  they  grow  more 
rapidly  than  the  surrounding  parts. 

Position  of  the  Embryo  in  the  Egg. — Although  the  blastoderm  is  at 
first  apparently  of  uniform  structure  throughout,  yet  each  particular 
part  has  from  the  beginning  a physiological  individuality,  -which  leads 
to  its  subsequent  development  into  a special  organ  or  part  of  an  organ. 
This  is  evident  from  the  manner  in  which  the  local  activity  of  nutrition 
gives  rise  to  the  appearance  of  folds,  running  in  definite  directions,  and 
determining  in  this  way  the  future  location  ol  the  head,  the  tail,  and 
the  sides  of  the  body.  But  it  is  manifested  still  more  remarkably  in 
the  position  assumed  by  the  entire  embryo.  The  yolk  of  the  fowl  s egg 
has  a nearly  regular  spherical  form;  and  the  cicatricula,  as  well  as  the 
blastoderm  into  which  it  is  converted,  is  a circular  spot  upon  its  surface. 
The  ovoid  form  presented  by  the  whole  egg,  with  one  round  and  one 
pointed  extremity,  is  given  to  it  by  the  deposit  of  albumen  round  the 
yolk,  in  the  middle  and  lower  parts  of  the  oviduct,  after  fecundation 
has  taken  place.  And  yet,  when  the  rudiments  of  the  embryo  first 
become  peceptible  in  the  area  pellucida,  it  is  so  placed  as  to  lie  cross- 
wise to  the  long  axis  of  the  egg,  with  its  right  side  toward  the  round 
end  and  its  left  side  toward  the  pointed  end.  The  exceptions  to  this 
rule  are  so  few  as  to  show  that,  even  before  incubation  has  commenced, 
one  particular  portion  of  the  circular  blastoderm  is  destined  to  become 
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the  head  and  another  portion  the  tail ; and  consequently  that  every  one 
of  the  future  organs  of  the  embryo  has  its  point  of  origin  already  fixed. 

Division  of  the  Blastodermic  Layers. — The  blastoderm  when  first 
formed  consists,  as  above  described,  of  two  layers  of  cells ; those  of  the 
external  layer  being  cylindrical  and  compact,  those  of  the  internal, 
larger,  rounded,  and  more  loosely  connected.  The  outer  blastodermic 
layer  forms  the  tegumentary  surface  of  the  body  and  the  cavity  of  the 
cerebro-spinal  axis;  the  inner  is  converted  into  the  mucous  membrane 
of  the  alimentary  canal.  But  between  the  two  there  soon  appears 
another  formation  of  cells,  which  is  sometimes  spoken  of  as  the  third 
or  “intermediate”  blastodermic  layer.  The  cells  of  this  layer  are  in 
immediate  contact  with,  and  more  or  less  adherent  to,  those  of  the  two 
others  ; but  they  are  rounded  in  form  and  rather  loosely  united,  in  com- 
parison both  with  those  above  and  below.  The  intermediate  laj^er,  in 
the  blastoderm  of  the  fowl’s  egg,  is  distinctly  formed,  according  to 
Foster  and  Balfour,  in  the  first  twelve  hours  of  incubation. 

The  exact  number  and  designation  of  the  fundamental  lajmrs  of  the 
blastoderm  has  been  and  still  is  the  main  point  of  discrepancy  in  the 
writings  of  embryologists.  There  is  no  difference  of  opinion  as  to  the 
existence  or  destination  of  the  two  principal  layers,  namely,  the  external 
and  internal,  which  are  the  first  to  make  their  appearance,  as  above 
described.  They  form  respectively  the  basis  for  the  production  of  the 
external  sensitive  integument  and  cerebro-spinal  axis  on  the  one  hand, 
and  for  the  lining  of  the  alimentary  canal  with  its  adjacent  glandular 
organs  on  the  other.  But  the  intermediate  portion,  formerly  described 
as'  the  “ vascular  layer,”  is  connected  both  with  the  organs  of  animal 
life  and  with  those  of  digestion  and  nutrition.  It  is,  therefore,  b}’  some 
regarded  as  an  independent  layer,  equal  in  original  importance  to  the 
other  two ; by  others  as  an  accessory  formation,  destined  to  aid  in  the 
development  of  both  the  external  and  internal  parts.  According  to 
His,1  whose  observations  are  among  the  most  extensive  and  valuable 
in  the  department  of  embryology,  the  most  appropriate  enumeration  is 
the  older  one,  of  an  external  and  internal  blastodermic  layer  ; since  the 
cells  of  the  intermediate  portion  remain  attached  partly  to  the  outer 
and  partly  to  the  inner  layer,  when  the  separation  between  the  two 
takes  place  in  the  manner  now  to  be  described. 

Immediately  underneath  the  medullary  canal,  along  the  axial  line  of 
the  body  of  the  embryo,  there  is  formed  in  the  intermediate  layer  of 
the  blastoderm  a cylindrical  cord,  termed  the  “chorda  dorsalis”  (Fig. 
252,  g),  which  marks  the  situation  of  the  future  spinal  column.  For 
a certain  distance  on  each  side  of  the  chorda  dorsalis,  the  component 
parts  of  the  blastoderm  remain  in  contact  with  each  other  throughout 
its  thickness.  But  farther  outward,  toward  the  edges  of  the  embryo, 
it  separates,  by  a horizontal  division  or  cleavage,  into  two  laminae,  an 
outer  and  inner,  or  upper  and  lower.  This  cleavage  takes  place  appa- 

1 Unsere  Korperform.  Leipzig,  1875,  p.  38. 
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rentlv  in  consequence  of  an  unequal  rapidity  of  growth  in  the  two  bias- 
todermic  layers.  Both  layers  are  now  extending  outward,  downward, 
and  inward,  by  the  deepening  of  the  lateral  longitudinal  folds ; tending 
to  approach  the  median  line  and  thus  shut  in  the  abdomen  and  ali- 
mentary canal.  But  the  external  layer,  which  is  to  form  the  walls  of 
the  abdomen,  grows  more  rapidly,  and  tends  to  inclose  a larger  space, 
than  the  internal  layer,  which  is  to  form  the  lining  membrane  of  the 
intestine.  Wherever  this  happens,  a separation  takes  place  between 
the  two,  at  the  expense  of  the  intermediate  layer,  some  of  the  cells  of 
which  remain  attached  to  the  external  and  some  to  the  internal  blasto- 
dermic layer. 


Fig.  251. 


VERTICAL  SECTION  OF  A PORT.ON  OF  THE  BLASTODERM  O V J H E F ° W L S EO<J 
in  process  of  separation  into  two  lamince.-l.  External  blastodermic l*yer 
blastodermic  layer.  8.  Cells  of  the  intermediate  layer,  partly  drawn  out  into  filamentous 
extensions.  Magnified  250  diameters.  (H.is.) 


The  cleavage  or  division  of  the  blastoderm  into  two  laminae,  as  above 
described,  does  not  take  place  everywhere  simultaneously.  It  occurs 
here  and  there,  as  the  process  of  growth  becomes  more.active  m par- 
ticular spots.  But  the  general  course  of  its  extension  is  from  without 
inward,  or  from  the  lateral  borders  of  the  embryo  toward  the  median 
line.  It  does  not,  however,  reach  the  median  line,  but  leaves  a con- 
siderable space  around  the  chorda  dorsalis  and  on  each  side  of  it  still 
undivided,  when  the  lateral  portions  of  the  blastoderm  are  already 

completely  separated  into  their  two  laminm. 

By  the  separation  of  the  laminm  of  the  blastoderm  thus  effected,  a 
space  or  interval  (Fig,  252,  b)  is  left  between  the  two.  This  space,  when 
the  closure  of  the  abdominal  walls  is  accomplished,  becomes  the  perito- 
neal cavity.  The  cells  of  the  intermediate  layer  subsequently  give  rise 
to  the  development  of  muscular  tissue;  and  that  portion  which,  in  the 
separation  of  the  two  laminae,  continues  adherent  to  the  external  layer, 
produces  the  voluntary  muscles  of  the  chest  and  abdomen.  I le  poi- 
tion  remaining  adherent  to  the  internal  layer,  on  the  other  hand,  pro-  ■ 
duces  the  involuntary  muscular  coat  of  the  alimentary  canal.  In  Figuie 
252  II.  III.,  and  IV.,  these  two  portions  of  the  intermediate  layer, 
which  give  rise  respectively  to  voluntary  and  involuntary  muscular 
tissue,  are  seen  shaded  with  parallel  lines. 

Primitive  Vertebrae — Formation  of  the  Spinal  Column  and  it s Mus- 
cles —Already  on  the  second  day  of  incubation  there  have  appeared, 
on  each  side  of  the  chorda  dorsalis  and  medullary  canal,  a number 
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of  rectangular  masses  arranged  in  longitudinal  series,  almost  exactly 
similar  to  each  other,  and  separated  by  regular  transverse  divisions. 
They  resemble  strongly  in  their  appearance  the  simpler  component  parts 
of  a spinal  column,  and,  in  fact,  form  the  basis  out  of  which  this  struc- 


Fig.  252. 


Transverse  Section  of  the  Chick-embrto,  at  different  stages  of  development. 
Magnified  40  diameters. 

I.  On  the  second  day  of  incubation. 

II.  Between  the  second  and  third  days. 

III.  On  the  third  day. 

IV.  On  the  fourth  day. 

1.  Medullary  groove.  2.  Medullary  canal.  3.  External  blastodermic  layer.  4.  Internal 
blastodermic  layer.  5.  Space  of  separation  between  the  two  lamime  of  the  blastoderm; 
future  peritoneal  cavity.  6.  Chorda  dorsalis.  7.  Primitive  vertebrm.  8.  Aorta.  9.  Cavity 
of  the  intestine.  (His.) 

ture  will  afterward  be  developed.  But  they  do  not  represent  imme- 
diately and  exclusively  the  bodies  of  the  vertebras.  They  are  to  serve, 
not  only  for  the  formation  of  these  organs,  but  also  for  that  of  the  spinal 
muscles  on  the  one  hand  and  of  the  muscular  lajmr  of  the  aorta  on  the 
other.  They  are  therefore  known  as  the  primitive,  vertebrae.  In  a 
transverse  section  of  these  bodies  (Fig.  252,  7 ) there  is  an  evident  dis- 
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tinction  between  their  central  portion  or  nucleus,  and  their  external 
portion  or  shell.  The  nucleus  is  more  transparent,  and  will  afterward 
supply  the  cartilaginous  deposit  for  the  permanent  vertebrae ; the  shell 
has  a radiating  striated  texture,  and  serves  for  the  formation  of  mus- 
cular tissue. 

On  the  second  day  of  incubation  (Fig.  252,  I.)  the  primitive  verte- 
brae, as  seen  in  transverse  section,  have  the  form  of  a narrow  oval,  with 
a small  nucleus  and  a comparatively  thick  and  perfectly  continuous 
shell.  From  the  second  to  the  third  day  (Fig.  252,  II.)  the  nucleus 
grows  more  rapidly  than  the  outer  parts,  which  it  pushes  upward  and 
downward  ; and  the  shell  begins  to  show  indications  of  a separation 
into  upper  and  lower  portions.  On  the  third  day'  (Fig.  252,  III.)  this 
separation  is  complete ; and  the  upper  portion  of  the  shell,  taking  a 
position  more  or  less  parallel  with  the  outline  of  the  body  at  this  point, 
will  become  the  layer  of  voluntary  muscles  about  the  spinal  column. 
Its  lower  portion  recedes  farther  from  above  downward,  and  approaches 
the  situation  of  the  double  aorta  ( s),  which  it  will  afterward  supply  with 
its  involuntary  muscular  layer.  In  a section  of  the  embryo  at  the 
fourth  day  (Fig,  252,  IY.)  the  final  position  of  these  two  muscular 
layers  is  distinctly  marked  ; the  projection  of  the  spinal  ridge,  on  the 
one  hand,  having  become  higher  and  steeper,  and,  on  the  other,  the 
double  aorta  having  been  fused  into  a single  vascular  canal. 

The  nucleus  of  the  primitive  vertebra,  in  the  mean  time,  extends 
upward  and  inward,  in  such  a manner  as  to  surround  both  the  medul- 
lary canal  and  the  chorda  dorsalis,  which  it  embraces  in  a tissue  of  new 
formation.  This  tissue  afterward  supplies  the  cartilage,  both  of- the 
bodies  of  the  vertebrae,  and  of  the  oblique  processes  which  inclose  the 
spinal  canal  at  its  sides  and  behind.  But  when  these  cartilages  are 
formed,  it  is  observed  that  they  do  not  correspond  in  situation  with  the 
original  primitive  vertebrae.  A new  segmentation  takes  place,  by'  which 
the  lines  of  separation  between  the  successive  permanent  vertebrae  pass 
through  the  middle  of  what  were  the  primitive  vertebrae and  conse- 
quently each  permanent  vertebra  is  formed  out  of  the  adjacent  halves 
of  two  primitive  vertebrae.  The  chorda  dorsalis,  included  in  the  car- 
tilaginous matrix  of  the  bodies  of  the  vertebrae,  ceases  to  grow  in  a 
corresponding  ratio  with  the  neighboring  parts,  becomes  atrophied,  and 
disappears ; while  the  bodies  of  the  vertebrae,  which  surround  it,  are 
rapidly  enlarged,  and  assume  the  form  and  size  of  the  principal  com- 
ponent parts  of  the  spinal  column. 


1 Foster  and  Balfour,  Elements  of  Embryology.  London,  1874,  p.  153. 
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DEVELOPMENT  OF  ACCESSORY  ORGANS  IN  THE 

IMPREGNATED  EGG.  UMBILICAL  VESICLE,  AM- 

NION,  AND  ALLANTOIS. 

Thus  far,  the  process  of  development  has  been  followed  as  it  relates 
to  the  primary  formation  of  the  principal  parts  of  the  body  of  the 
embryo.  In  some  species  of  animals  this  includes  all  the  important 
structures  which  show  themselves  in  the  impregnated  egg;  the  embryo 
arriving  very  soon  at  a stage  of  growth  in  which  it  is  liberated  by  the 
rupture  of  the  vitelline  membrane  and  is  already  capable  of  carrying  on 
an  independent  existence.  But  in  many  fish  and  reptiles,  and  in  all 
birds  and  mammalia,  there  are  additional  structures  which  aid  in  the 
nutrition  of  the  young  animal  during  the  middle  and  later  periods  of  its 
development.  In  these  instances,  the  whole  of  the  blastoderm  is  not 
immediately  converted  into  the  tissues  of  the  embryo.  Certain  por- 
tions, both  of  its  external  and  internal  layers,  remain  outside  the  limits 
of  the  body,  and  perform,  in  this  situation,  the  function  of  accessory 
organs.  These  organs  are  the  umbilical  vesicle,  the  amnion,  and  the 
allantois. 

Umbilical  Vesicle. 

In  the  frog’s  embryo  (page  725),  the  abdominal  plates,  closing  to- 
gether in  front,  join  each  other  upon  the  median  line,  and  shut  in  directly 
the  whole  of  the  vitellus,  which  is  thus  inclosed  in  the  intestinal  sac 
formed  by  the  internal  blastodermic  layer. 

In  other  instances,  the  abdominal  plates  do  not  immediately  embrace 
the  whole  of  the  vitelline  mass,  but  tend  to  close  together  at  some  inter- 
mediate point;  so  that  the  vitellus  is  con- 
stricted, and  divided  into  two  portions,  one 
internal,  and  one  external.  (Fig.  253.)  As 
development  proceeds,  the  body  of  the  einbiyo 
increases  in  size  out  of  proportion  to  the 
vitelline  sac,  and  the  constriction  just  men- 
tioned becomes  at  the  same  time  more  strongly 
marked ; so  that  the  separation  between  the 
internal  and  external  portions  of  the  vitelline 
sac  is  nearly  complete.  The  internal  blasto- 
dermic layer  is  by  this  means  divided  into 
two  portions,  one  of  which  forms  the  intestinal  canal,  while  the  other, 
remaining  outside,  forms  a sac-like  appendage  to  the  abdomen,  known 
by' the  name  of  the  umbilical  vesicle. 

( 738  ) 


Fig.  253. 


Egg  of  Fish,  showingfor- 
mation  of  umbilical  vesicle. 
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The  umbilical  vesicle  is  accordingly  lined  by  a portion  of  the  internal 
blastodermic  layer,  continuous  with  the  mucous  membrane  of  the  intes- 
tine; and  covered  b}r  a portion  of  the  external  blastodermic  layer,  con- 
tinuous with  the  integument  of  the  abdomen. 

After  the  young  animal  leaves  the  egg,  the  umbilical  vesicle  in  some 
species  becomes  shrunken  and  atrophied  by  the  absorption  of  its  con- 
tents ; while  in  others,  the  abdominal  walls  gradually  extend  over  it, 
and  crowd  it  back  into  the  abdomen;  the  nutritious  matter  which  it 
contains  passing  from  the  cavity  of  the  vesicle  into  that  of  the  intes- 
tine by  the  narrow  passage  remaining  open  between  them. 

In  the  human  species,  on  the  other  hand,  as  well  as  in  quadrupeds, 
the  umbilical  vesicle  becomes  more  completely  separated  from  the  ab- 
domen. There  is  at  first  a wide  communication  be- 
tween the  cavity  of  the  umbilical  vesicle  and  that  of 
the  intestine ; subsequently  this  communication  is 
gradually  narrowed  by  the  constriction  of  the  ab- 
dominal walls;  and  this  constriction  proceeds  so  far 
that  the  opposite  surfaces  of  the  canal  at  least  come 
in  contact  with  each  other  and  adhere  together,  so 
that  the  passage  previously  existing,  between  the 
cavit\r  of  the  intestine  and  that  of  the  umbilical 
vesicle,  is  obliterated,  and  the  vesicle  is  then  con- 
nected "with  the  abdomen  only  by  an  impervious 
cord.  This  cord  afterward  elongates,  and  becomes 
converted  into  a slender  pedicle  (Fig.  254),  emerging 
from  the  abdomen  of  the  foetus,  and  connected  by  its 
farther  extremity  with  the  umbilical  vesicle,  which  is  filled  with  a trans- 
parent, colorless  fluid.  The  umbilical  vesicle  is  distinctly  visible  in  the 
human  foetus  so  late  as  the  end  of  the  third  month.  After  that  period 
it  diminishes  in  size,  and  is  gradually  lost  in  the  advancing  development 
of  the  neighboring  parts. 

Amnion  and  Allantois. 

The  amnion  and  allantois  are  two  organs  which  can  be  best  studied 
in  connection  with  each  other,  since  they  are  closely  related  in  physio- 
logical importance;  the  office  of  the  first  being  to  provide  for  the  forma- 
tion of  the  second.  The  amnion  is  developed  from  the  external  blasto- 
dermic layer ; the  allantois  from  the  internal  layer.  The  amnion  is  so 
called  probably  from  the  Greek  afu A?,  a young  lamb ; on  account  of  its 
having  been  first  observed  as  a foetal  envelope  in  this  animal.  The 
name  of  the  allantois  is  also  derived  from  the  Greek  dx7.av-rofi.Si);,  owing 
to  its  elongated  or  sausage-like  form  in  the  pig,  and  some  other  of  the 
domestic  animals. 

In  the  frog’s  egg,  the  embryo  is  abundantly  supplied  with  moisture, 
air,  and  nourishment  from  without.  The  absorption  of  oxygen  and  of 
albuminous  liquids,  and  the  exhalation  of  carbonic  acid,  so.  far  as  it 
is  produced,  can  readily  take  place  through  the  simple  membranes  of 


Fig.  254. 


Human  Embbto, 
with  umbilical  vesi- 
cle; about  the  fifth 
week. 
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the  egg ; especially  as  the  time  occupied  in  the  formation  of  the  pri- 
mary organs  is  very  short,  and  the  greater  part  of  the  process  of  de- 
velopment remains  to  be  accomplished  after  the  young  animal  leaves 
the  egg. 

But  in  birds  and  quadrupeds,  the  time  required  for  the  development 
of  the  embryo  within  the  egg  is  longer.  The  young  animal  acquires  a 
more  perfect  organization  during  the  time  that  it  remains  inclosed  by 
its  membranes ; and  the  processes  of  absorption  and  exhalation  neces- 
sary for  its  growth,  being  increased  in  activity  to  a corresponding 
degree,  require  a special  organ  for  their  accomplishment.  This  organ, 
destined  to  bring  the  blood  of  the  foetus  into  relation  with  the  atmo- 
sphere and  external  sources  of  nutrition,  is  the  allantois. 

In  the  frog,  the  internal  blastodermic  layer,  forming  the  intestinal 
mucous  membrane,  is  everywhere  inclosed  by  the  external  layer,  form- 
ing the  integument.  But  in  the  higher  animals  a portion  of  this  internal 
layer,  which  is  the  seat  of  the  greatest  vascularity,  and  which  is  des- 
tined to  produce  the  allantois,  is  brought  into  contact  with  the  external 
membrane  of  the  egg  for  purposes  of  exhalation  and  absorption  ; and 
this  can  only  be  accomplished  by  opening  a passage  for  it  through  the 
external  blastodermic  layer.  This  is  done  in  the  following  manner  by 
the  formation  of  the  amnion. 

Soon  after  the  body  of  the  embryo  has  begun  to  be  formed,  by  the 
thickening  and  involution  of  the  external  blastodermic  layer,  a second- 
ary fold  of  this  layer  rises  up  on  all  sides  about 
the  edges  of  the  newly-formed  embryo ; so  that 
its  bod}’  appears  as  if  sunk  in  a kind  of  depres- 
sion, and  surrounded  with  a membranous  ridge, 
as  in  Pig.  255.  The  embryo  (c)  is  here  seen  in 
profile,  with  the  external  membranous  folds,  above 
mentioned,  rising  up  in  advance  of  the  head,  and 
behind  the  posterior  extremity.  The  same  thing 
takes  place  on  the  two  sides  of  the  foetus,  by  the 
formation  of  lateral  folds  simultaneously  with  the 
appearance  of  those  in  front  and  behind.  As 
these  folds  are  destined  to  form  the  amnion,  they 
are  called  the  “ amniotic  folds.” 

The  amniotic  folds  continue  to  grow,  extend- 
ing forward,  backward,  and  laterally,  until  they  approach  each  other  at 
a point  over  the  back  of  the  embryo  (Fig-  256);  Their  opposite  edges 
afterward  come  in  contact  with  each  other  at  this  point,  and  adhere 
together,  so  as  to  shut  in  a space  (Fig.  256,  b ) between  their  inner  sur- 
face and  the  body  of  the  embryo.  This  space,  which  contains  a thin 
layer  of  clear  fluid,  is  the  amniotic  cavity. 

There  now  appears  a prolongation  or  diverticulum  (Fig.  256,  c), 
growing  from  the  posterior  portion  of  the  intestinal  canal,  and  follow- 
ing the  course  of  the  amniotic  fold  which  has  preceded  it ; occupying, 
as  it  gradually  enlarges  and  protrudes,  the  space  left  vacant  by  the 


Fig.  255. 


Diagram  of  the  Fecun- 
dated Egg;  showing 
the  formation  of  the  am- 
nion.— a.  Vitellus.  b.  Ex- 
ternal blastodermic  layer. 

c.  Body  of  the  embryo. 

d,  d.  Amniotic  folds,  e. 
Vitelline  membrane. 
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This  diverticulum  is  the  commencement 


It  is  an  elongated  membranous 


sac,  continuous  with 


Diagramof  the  Fecun- 
dated Egg,  farther 
advanced  —a.  Umhilical 
vesicle,  b.  Amniotio  cav- 
ity. c.  Allantois. 


rising  up  of  the  amniotic  fold, 
of  the  allantois. 

the  posterior  portion  of  the  intestine,  and  con- 
taining bloodvessels  derived  from  those  of  the 
intestinal  circulation.  The  cavity  of  the  allantois 
is  also  continuous  with  the  cavity  of  the  intes- 
tine. 

After  the  amniotic  folds  have  approached  and 
touched  each  other,  as  above  described,  over  the 
back  of  the  embryo,  the  adjacent  surfaces,  thus 
brought  in  contact,  fuse  together,  so  that  the 
cavities  of  the  two  folds,  coming  respectively  from 
front  and  rear,  are  separated  only  by  a single 
membranous  partition  (Fig.  257,  c)  running  from 
the  inner  to  the  outer  lamina  of  the  amniotic 
folds.  This  partition  is  soon  afterward  atro- 
phied and  disappears ; and  the  inner  and  outer  laminae  become  conse- 
quently separated  from  each  other.  The  inner  lamina  (Fig.  257,  a) 
which  remains  continuous  with  the  integument  of  the  foetus,  inclosing 
the  body  of  the  embryo  in  a distinct  cavity,  is 
called  the  amnion  (Fig.  258,  5),  and  its  cavity  is 
known  as  the  amniotic  cavity.  The  outer  lamina 
of  the  amniotic  fold,  on  the  other  hand  (Fig. 

257,  5),  recedes  farther  and  farther  outward, 
until  it  comes  in  contact  with  the  original  vitel- 
line membrane,  still  covering  the  exterior  of  the 
egg.  It  at  last  fuses  with  the  vitelline  membrane 
and  unites  with  its  substance,  so  that  the  two 
form  but  one.  This  membrane,  resulting  from 
the  union  and  consolidation  of  two  others,  con- 
stitutes then  the  external  investing  membrane  of 
the  egg. 

The  allantois,  in  the  mean  time,  increases  in 
size  and  vascularity.  Following  the  course  of 
the  amniotic  folds  as  before,  it  insinuates  itself 
between  them,  and  thus  comes  in  contact  with 
the  external  membrane  above  described.  It  then 
begins  to  expand  laterally,  enveloping  more  and 

more  the  body  of  the  embryo,  and  bringing  its  vessels  into  contact  with 
the  external  investing  membrane  of  the  egg. 

By  a continuation  of  this  process,  the  allantois  at  last  envelops  com- 
pletely the  body  of  the  embryo,  together  with  the  amnion;  its  two 
extremities  coming  in  contact  with  each  other,  and  fusing  together  over 
the  back  of  the  embryo,  in  the  same  manner  as  the  amniotic  folds  had 
previously  done.  (Fig.  258.)  It  lines,  therefore,  the  whole  internal 
surface  of  the  investing  membrane  with  a flattened,  vascular  sac,  the 


Diagram  of  the  Fecun- 
dated Egg,  with  allan- 
tois nearly  complete. — a. 
Inner  lamina  of  amniotic 
fold.  b.  Outer  lamina  of 
ditto,  c.  Point  where  the 
amniotic  folds  come  in 
contact.  The  allantois  is 
seen  penetrating  between 
the  inner  and  outer  lami- 
nae of  the  amniotic  folds. 
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vessels  of  which  come  from  the  interior  of  the  body  of  the  embryo,  and 
which  still  communicates  witli  the  cavity  of  the  intestinal  canal. 

It  is  evident,  accordingly,  that  there  is  a close  connection  between 

the  formation  of  the  amnion  and  that  of  the 
allantois.  For  it  is  only  by  this  means  that 
the  allantois,  which  is  an  extension  of  the  in- 
ternal blastodermic  layer,  can  come  to  be 
situated  outside  the  embryo  and  the  amnion, 
and  thus  brought  into  relation  with  surround- 
ing media.  The  two  laminae  of  the  amniotic 

O 

folds,  by  separating  from  each  other  as  above 
described,  open  a passage  for  the  allantois,  and 
allow  it  to  come  in  contact  with  the  external 
membranous  investment  of  the  egg. 

Physiological  Action  of  the  Allantois. — The 
physiological  action  of  the  allantois,  in  its 
simplest  form,  may  be  studied  with  advantage 
in  the  fowl’s  egg,  where  it  forms  an  extensive  and  highly  vascular 
organ,  but  does  not  present  any  important  modifications  of  its  original 
structure. 

The  egg  of  the  fowl  contains,  when  first  laid,  an  abundant  deposit  of 
semi-solid  albuminous  matter  in  which  the  yolk  is  enveloped.  This 
affords,  in  connection  witli  the  yolk,  a sufficient  quantity  of  moisture 
and  organic  nutriment  for  the  growth  of  the  embryo.  The  necessary 
warmth  is  supplied  by  the  body  of  the  fowl  in  incubation ; and  the 
atmospheric  gases  can  pass  and  repass  without  difficulty  through  the 
porous  shell  and  its  lining  membranes.  On  the  commencement  of  incu- 
bation, a liquefaction  takes  place  in  the  albumen  immediately  above  that 
part  of  the  yolk  which  is  occupied  by  the  blastoderm  ; so  that  the  vitel- 
lus  rises  toward  the  surface,  by  virtue  of  its  specific  gravity,  and  the 
blastoderm  comes  to  be  placed  almost  immediately  underneath  the 
lining  membrane  of  the  egg-shell.  The  body  of  the  embryo  is  thus 
placed  in  the  most  favorable  position  for  the  reception  of  warmth  and 
other  necessary  external  influences.  The  liquefied  albumen  is  absorbed 
by  the  vitelline  membrane,  and  the  yolk  thus  becomes  larger,  softer,  and 
more  diffluent  than  before  the  commencement  of  incubation. 

As  soon  as  the  circulatory  apparatus  of  the  embryo  has  been  fairly 
formed,  two  minute  arteries  are  seen  to  run  out  from  its  lateral  edges 
and  spread  into  the  neighboring  parts  of  the  blastoderm,  breaking  up 
into  inosculating  branches,  and  covering  the  adjacent  portions  of  the 
yolk  with  a plexus  of  capillary  bloodvessels.  The  space  occupied  in 
the  blastoderm  by  these  vessels  is  called  the  area  vasculosa.  The  blood 
is  returned  from  it  to  the  body  of  the  embryo  by  two  veins  which  pene- 
trate beneath  its  edges,  one  near  the  head  and  one  near  the  tail. 

The  area  vasculosa  increases  in  extent  as  the  development  of  the 
embryo  proceeds,  and  its  circulation  becomes  more  active.  It  co\ers 
the  upper  half  or  hemisphere  of  the  yolk  ; and  then,  passing  this  point, 


Fig.  258. 


Diagram  of  the  Fecunda- 
ted Egg,  with  the  allantois 
fully  formed.  — a.  Umbilical 
vesicle.  6.  Amnion,  c.  Allan- 
tois. 
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it  embraces  more  and  more  of  the  inferior  hemisphere,  its  vessels  con- 
verging toward  the  opposite  pole  of  the  yolk. 

The  function  of  the  area  vasculosa  is  to  absorb  nourishment  from  the 
cavity  of  the  vitelline  sac.  As  the  albumen  liquefies  during  the  process 
of  incubation,  it  passes  bjr  endosmosis  into  the  vitelline  cavity ; the 
whole  yolk  growing  constantly  larger  and  more  fluid  in  consistency. 
The  blood  of  the  embryo,  circulating  in  the  vessels  of  the  area  vasculosa, 
absorbs  the  oleagino-albuminous  matters  of  the  vitellus,  and,  carrying 
them  back  to  the  embryo  by  the  returning  veins,  supplies  the  tissues 
and  organs  with  appropriate  nourishment. 

During  this  period  the  amnion  and  the  allantois  have  been  also  in 
process  of  formation.  At  first  the  body  of  the  embryo  lies  upon  its 
abdomen,  as  heretofore  described ; but,  as  it  increases  in  size,  it  alters 
its  position  so  as  to  lie  upon  its  left  side.  The  allantois,  emerging  from 
the  posterior  portion  of  the  abdominal  cavity,  turns  upward  over  the 
body  of  the  embryo,  and  comes  in  contact  with  the  shell  membrane.  It 
then  spreads  out  rapidly,  extending  toward  the  two  extremities  and  down 
the  sides  of  the  egg,  enveloping  the  embryo  and  the  vitelline  sac,  and 
taking  the  place  of  the  albumen  which  has  been  liquefied  and  absorbed. 

The  umbilical  vesicle  is  at  the  same  time  formed  by  the  separation  of 
part  of  the  yolk  from  the  abdomen  of  the  chick ; and  the  vessels  of  the 
original  area  vasculosa,  which  were  at  first  distributed  over  the  yolk, 
now  ramify  upon  the  surface  of  the  umbilical  vesicle. 

At  last  the  allantois,  by  its  continued  growth,  envelops  nearly  the 
whole  of  the  remaining  contents  of  the  egg ; so  that  toward  the  later 
periods  of  incubation,  at  whatever  point  we  open  the  egg,  the  internal 
surface  of  the  shell  membrane  is  found  to  be  lined  with  a vascular  ex- 
pansion. This  expansion  is  the  allantois,  supplied  by  arteries  emerging 
from  the  body  of  the  embryo. 

The  allantois  is  accordingly  adapted,  by  its  structure  and  position,  to 
perform  the  office  of  a respiratory  organ.  The  air  penetrates  from  the 
exterior  through  the  porous  shell  and  its  lining  membranes,  and  acts 
upon  the  blood  in  the  vessels  of  the  allantois  much  in  the  same  manner 
that  the  air  in  the  lungs  of  the  adult  animal  acts  upon  the  blood  in  the 
pulmonary  capillaries.  Examination  of  the  egg,  at  various  periods  of 
incubation,  shows  that  changes  take  place  in  it  which  are  entirely  anal- 
ogous to  those  of  respiration. 

The  egg,  in  the  first  place,  during  the  development  of  the  embryo, 
loses  water  by  exhalation.  This  exhalation  is  not  a- simple  effect  of 
evaporation,  but  is  the  result  of  the  nutritive  changes  going  on  in  the 
interior  of  the  egg ; since  it  does  not  take  place,  except  in  a compara- 
tively slight  degree,  in  unimpregated  eggs,  or  in  those  which  are  not 
incubated,  though  freely  exposed  to  the  air.  The  exhalation  of  fluid  is 
also  essential  to  the  processes  of  development ; since  it  has  been  found, 
in  hatching  eggs  by  artificial  warmth,  that  if  the  air  of  the  hatching 
chamber  become  unduly  charged  with  moisture,  so  as  to  retard  or  pre- 
vent further  exhalation,  the  development  of  the  embryo  is  arrested.  The 
loss  of  weight  during  natural  incubation,  mainly  due  to  the  exhalation 
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of  water,  has  been  found  by  Baudrimont  and  St.  Ange1  to  be  over  15 
per  cent,  of  the  entire  weight  of  the  egg. 

Secondly,  the  egg  absorbs  oxygen  and  exhales  carbonic  acid.  The 
two  observers  above  mentioned,  ascertained  that  during  eighteen  daj's’ 
incubation,  the  egg  absorbs  nearly  2 per  cent,  of  its  weight  of  oxygen, 
while  the  quantity  of  carbonic  acid  exhaled  from  the  sixteenth  to  the 
nineteenth  day  amounts  to  nearly  ^ of  a gramme  in  twenty-four  hours. 
It  is  also  observed  that  in  the  egg  during  incubation,  as  well  as  in  the 
adult  animal,  more  oxygen  is  absorbed  than  is  returned  by  exhalation 
under  the  form  of  carbonic  acid. 

The  allantois,  however,  is  not  simply  an  organ  of  respiration ; it 
takes  part  also  in  the  absorption  of  nutritious  matter.  As  the  process 
of  development  advances,  the  skeleton  of  the  young  chick,  at  first  carti- 
laginous, begins  to  ossify.  The  calcareous  matter,  necessary  for  ossifi- 
cation, is  in  great  part  derived  from  the  shell.  The  shell  is  perceptibly 
lighter  and  more  fragile  toward  the  end  of  incubation  than  at  first;  and, 
at  the  same  time,  the  calcareous  ingredients  of  the  bones  increase  in 
quantity.  The  lime-salts,  requisite  for  ossification,  are  apparently  ab- 
sorbed from  the  shell  by  the  vessels  of  the  allantois,  and  thus  transferred 
to  the  skeleton  of  the  growing  chick ; so  that,  in  the  same  proportion 
that  the  former  becomes  weaker,  the  latter  grows  stronger.  The  dimi- 
nution in  density  of  the  shell  is  connected  not  only  with  the  develop- 
ment of  the  skeleton,  but  also  with  the  final  escape  of  the  chick  from 
the  egg.  This  deliverance  is  accomplished  mainly  by  the  movements 
of  the  chick  itself,  which  become,  at  a certain  period,  sufficiently  vigor- 
ous to  break  out  an  opening  in  the  attenuated  shell.  The  first  fracture 
is  generally  accomplished  by  a stroke  from  the  end  of  the  bill ; and  it 
is  precisely  at  this  point  that  the  solidification  of  the  skeleton  is  most 
advanced.  The  egg-shell,  therefore,  which  at  first  serves  for  the  pro- 
tection of  the  embryo,  afterward  furnishes  the  materials  which  are  used 
to  accomplish  its  own  demolition,  and  at  the  same  time  to  effect  the 
escape  of  the  fully  developed  chick. 

Toward  the  latter  periods  of  incubation,  the  allantois  becomes  more 
adherent  to  the  internal  surface  of  the  shell-membrane.  At  last,  when 
the  chick,  arrived  at  the  full  period  of  development,  escapes  from  its 
confinement,  the  allantoic  vessels  are  torn  off  at  the  umbilicus  ; and  the 
allantois  itself,  cast  off  as  an  effete  organ,  is  left  behind  in  the  cavity 
of  the  abandoned  shell. 

Both  the  amnion  and  the  allantois  are,  therefore,  formations  belong- 
ing to  the  embryo,  and  constituting,  for  a time,  accessory  but  essential 
parts  of  its  organization.  Developed  from  the  peripheral  portions  of 
the  outer  and  inner  blastodermic  layers,  they  are  important  organs 
during  the  middle  and  latter  periods  of  incubation;  but  when  the  chick 
lias  become  fully  developed,  and  is  ready  to  carry  on  an  independent 
existence,  they  are  thrown  off  as  obsolete  structures,  their  place  being 
afterward  supplied  by  organs  belonging  to  the  adult  condition. 

1 D6veloppcment  dn  Foetus.  Paris,  1850,  p.  143. 
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Human  Embryo  and  its  Envel- 
opes, about  the  end  of  the  first  month. 
— 1.  Umbilical  vesicle.  2.  Amnion.  3. 
Chorion. 


Human  Embryo  and  its  Envel- 
opes, at  the  end  of  third  month;  showing 
the  enlargement  of  the  amnion. 


At  the  time  of  its  formation,  the  amnion  closely  embraces  the  body 
of  the  embryo,  so  that  there  is  hardly  any  space  between  the  two ; the 
opposite  surfaces  lying  in  contact  with  each  other,  like  those  of  the 
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CHAPTER  X. 


DEVELOPMENT  OP  THE  IMPREGNATED  EGG  AND 
ITS  MEMBRANES  IN  THE  HUMAN  SPECIES-  AM- 
NION AND  CHORION. 


In  the  human  species,  as  well  as  in  the  lower  animals,  the  foetus  is 
enveloped  in  two  membranes,  an  inner  and  an  outer,  derived  respec- 
tively from  extensions  of  the  external  and  internal  blastodermic  layers, 
and  consequently  parts  of  the  embryonic  organism.  While  the  inner 
of  these  envelopes  has  the  same  characters  as  elsewhere,  the  outer  one 
presents  such  modifications  of  structure  as  to  have  received  a distinct 
name.  In  the  lower  animals,  therefore,  the  foetal  membranes  are  called 
the  amnion  and  the  allantois;  in  man,  they  are  known  as  the  amnion 
and  the  chorion. 


Amnion. 

The  formation  of  the  amnion  in  the  human  species  takes  place  in  the 
same  manner  as  that  already  described  (p.  740),  namely,  by  the  growth 
of  a circumvallation  or  fold  of  the  external  blastodermic  layer,  which 
extends  itself  in  such  a way  that  its  edges  meet  and  coalesce  over  the 
back  of  the  embryo,  thus  inclosing  it  in  a distinct  cavity. 


Fig.  259. 
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peritoneum  in  the  adult.  This  space  afterward  enlarges  somewhat  and 
becomes  the  amniotic  cavity,  containing  a little  colorless,  transparent, 
serous  fluid,  the  amniotic  fluid.  But  throughout  the  earlier  periods  ol' 
development  the  cavity  of  the  amnion  is  small,  as  compared  with  that 
of  the  entire  egg ; and  the  space  between  the  amnion  and  the  external 
membrane,  or  chorion  (Fig.  259 ,,  is  occupied  by  an  amorphous  gelati- 
nous material,  in  which  the  umbilical  vesicle  and  its  stem  lie  imbedded. 

Subsequently  the  amnion  enlarges  more  rapidly,  in  comparison  with 
the  remaining  parts  of  the  egg,  and  thus  encroaches  upon  the  layer  of 
gelatinous  material  by  which  it  is  surrounded.  At  the  same  time  the 
amniotic  fluid  increases  in  quantity  (Fig.  260);  so  that  a considerable 
space  is  left  around  the  embryo,  which  is  supported  by  the  uniform 
pressure  of  the  surrounding  fluid.  The  amnion  continues  to  enlarge  at 
this  increased  rate  of  growth  until  about  the  beginning  of  the  fifth 
month,  when  it  comes  in  contact  with  the  inner  surface  of  the  chorion  ; 
the  gelatinous  material  previously  intervening  between  them  having 
disappeared,  or  being  reduced  to  a nearly  imperceptible  la3'er. 

Chorion. 

The  chorion,  in  the  human  species,  is  the  external  enveloping  mem- 
brane of  the  embryo.  It  originates,  like  the  corresponding  envelope  in 
the  lower  animals,  by  a protrusion  or  outgrowth  from  the  posterior  por- 
tion of  the  primitive  alimentary  canal,  which,  insinuating  itself  between 
the  two  laminae  of  the  amniotic  fold,  spreads  gradually  over  and  around 
the  inner  lamina  or  amnion  proper,  so  as  to  occupy  finally  a position  out- 
side of  it.  It  there  meets  with  the  two  thin  layers  which  have  preceded 
it  in  this  situation,  namely  the  outer  lamina  of  the  amniotic  fold,  and 
the  original  vitelline  membrane  of  the  egg.  But  these  two  layers,  ceas- 
ing to  grow,  while  the  new  structures  and  the  whole  egg  are  rapidly 
enlarging,  disappear  as  distinct  membranes,  and  their  place  is  taken  by 
the  chorion,  which  thus  becomes,  alone,  the  external  investment  of  the 

egg- 

So  far,  the  history  of  development  of  the  chorion  is  the  same  with 
that  of  the  allantois.  But  the  peculiarity  which  distinguishes  it  is  that, 
in  expanding  over  and  around  the  other  parts,  it  does  not  present  the 
form  of  a double  sac  containing  fluid,  but  of  a single  vascular  sheet  or 
membrane,  like  that  of  the  skin.  It  is  on  this  account  that  in  the 
human  species  it  is  called  the  chorion , while  in  the  lower  animals  it 
retains  the  name  of  allantois. 

Nevertheless,  the  chorion,  like  the  allantois,  is  at  its  commencement 
a hollow  sac  or  canal  with  a blind  extremity,  the  cavity  of  which  is  a 
continuation  of  that  of  the  intestine.  But  this  cavity  does  not  extend 
at  any  time  for  more  than  a short  distance  outside  the  body  of  the 
embryo.  Beyond  this  point  it  becomes  obliterated,  its  membranous 
walls  remaining  in  contact  with  and  adherent  to  each  other,  forming  a 
solid  membrane,  as  above  described.  Inside  the  body  of  the  embryo, 
on  the  other  hand,  it  retains  the  form  of  a membranous  sac;  and  this 
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Fig.  261. 


portion  afterward  becomes,  in  the  process  of  further  development,  the 
urinary  bladder.  The  rounded  cord  or  “urachus,”  which,  in  the  adult, 
runs  from  the  superior  fundus  of  the  bladder  to  the  situation  of  the 
umbilicus  in  the  abdomen,  is  the  vestige  ot  the  obliterated  canal  ot  the 
primitive  chorion. 

The  next  peculiarity  of  the  chorion  is,  that  it  becomes  shaggy.  Even 
while  the  egg  is  still  very  small,  and  has  but  recently  found  its  way  into 
the  uterine  cavity,  its  exterior  is  already  covered  with  transparent  villi 
(Fig.  259),  which  increase  the  extent  of  its  surface,  and  assist  in  the 
absorption  of  fluids  from  without.  The  villi  are  at  this  time  quite  sim- 
ple in  form,  aud  homogeneous  in  structure. 

As  the  egg  increases  in  size,  the  villi  elongate,  and  become  ramified 
by  the  repeated  budding  of  lateral  offshoots.  After  this  process  has 
continued  for  some  time,  the  outer 
surface  of  the  chorion  presents  a uni- 
formly shaggy  appearance,  owing  to  its 
being  covered  everywhere  with  com- 
pound villosities. 

The  villosities,  when  examined  by 
the  microscope,  have  an  exceedingly 
characteristic  appearance.  They  origi- 
nate from  the  surface  of  the  chorion  by 
a somewhat  narrow  stem,  and  divide 
iuto  secondary  and  tertiary  branches 
of  varying  size  and  figure;  some  of 
them  filamentous,  others  club-shaped, 
many  of  them  irregularly  swollen  at 
various  points.  All  terminate  by 
rounded  extremities,  giving  to  the 
whole  tuft  a certain  resemblance  to 
some  varieties  of  sea-weed.  The  larger 
trunks  and  branches  of  the  villosity 
are  seen  to  contain  minute  nuclei,  im- 
bedded in  a nearly  homogeneous,  or 
finely  granular  substratum.  The 

smaller  ones  appear,  under  a low  magnifying  power,  simply  granular  in 
texture. 

The  villi  of  the  chorion  are  quite  unlike  any  other  structure  to  be 
met  with  in  the  body.  Whenever  we  find,  in  the  uterus,  any  portion  of 
a membrane  having  villosities  of  this  character,  it  is  certain  that  preg- 
nancy has  existed ; for  such  villosities  can  only  belong  to  the  chorion, 
and  the  chorion  itself  is  a part  of  the  foetus.  The  presence  of  portions 
of  a shaggy  chorion  is  therefore  as  satisfactory  proof  of  the  existence 
of  pregnancy,  as  if  the  body  of  the  foetus  itself  had  been  found. 

While  the  villosities  just  described  are  in  process  of  formation,  the 
chorion  receives  a supply  of  bloodvessels  *from  the  interior  of  the  body 
of  the  embryo.  The  arteries,  which  are  a continuation  of  those  dis- 


Compound  villosity  of  the  Human 
Chorion,  ramified  extremity.  From 
a three  months’  foetus.  Magnified  30 
diameters. 
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Extremity  of  a tiiiositt 
op  the  Chorion,  magnified 
180  diameters;  showing  the  ar- 
rangement of  bloodvessels  in  its 
interior. 


tributed  to  the  alimentary  canal,  pass  out  along  the  canal  of  communi- 
cation to  the  chorion  and  ramify  over  its  surface.  The  embryo  at  this 
time  has  reached  such  an  activity  of  growth  that  it  requires  to  be  sup- 
plied with  nourishment  by  means  of  vascular  absorption,  instead  of  the 
slow  process  of  imbibition  hitherto  taking  place  through  the  compara- 
tively structureless  villi  of  the  chorion.  The  capillary  bloodvessels,  with 

which  the  chorion  is  supplied,  begin  to  pene- 
trate the  substance  of  its  villosities.  They 
enter  the  base  or  stem  of  each  villus,  and, 
following  the  division  of  its  compound  rami- 
fications, reach  the  rounded  extremities  of 
its  terminal  offshoots.  Here  they  turn  upon 
themselves  in  loops  (Fig  262),  and  retrace 
heir  course,  to  unite  finally  with  the  venous 
runks  of  the  cli orion. 

The  villi  of  the  chorion  are,  accordingly,  an- 
alogous in  structure  and  function  to  those  of 
the  intestine  ; their  power  of  absorption  cor- 
responding with  the  abundance  of  their  rami- 
fications, and  the  extent  of  their  vascularity. 

The  bloodvessels  of  the  chorion,  further- 
more, are  all  derived  from  the  abdomen  of 
the  foetus ; and  all  substances  absorbed  by 
them  are  transported  to  the  interior  of  the 
body,  and  used  for  the  nourishment  of  its  tissues.  The  chorion,  there- 
fore, as  soon  as  its  villi  and  bloodvessels  are  completely  developed,  be- 
comes an  active  organ  in  the  nutrition  of  the  foetus  ; and  constitutes 
the  only  means  by  which  new  material  is  introduced  from  without. 

The  third  event  of  importance  in  the  history  of  the  chorion  is  that 
after  being  at  first  uniformly  shaggy  throughout,  it  afterward  become. » 
partially  bald.  (Fig.  260.)  This  change  begins  about  the  end  of  the 
second  month,  commencing  at  a point  opposite  the  insertion  of  the 
foetal  bloodvessels.  The  villosities  of  this  region  cease  growing;  and 
while  the  entire  egg  continues  to  enlarge,  they  fail  to  keep  pace  with 
the  progressive  expansion  of  the  chorion.  They  accordingly  become  at 
this  part  thinner  and  more  scattered,  leaving  the  surface  of  the  chorion 
comparatively  bald.  This  baldness  increases  in  extent,  spreading  over 
the  adjacent  portions  of  the  chorion,  until  at  least  two-thirds  of  its  sur- 
face have  become  nearly  or  quite  destitute  of  villosities. 

At  the  opposite  pole  of  the  egg,  namely,  that  which  corresponds  with 
the  insertion  of  the  foetal  bloodvessels,  the  villosities  of  the  chorion, 
instead  of  becoming  atrophied,  continue  to  grow ; and  this  portion  be- 
comes even  more  shaggy  and  thickly  set  than  before.  The  consequence 
is  that  the  chorion  afterward  presents  a different  appearance  at  different 
parts  of  its  surface.  The  greater  part  is  smooth;  but  a certain  portion, 
constituting  about  one-third  oT  the  whole,  is  covered  with  a soft,  spongy 
mass  of  long,  thickly-set,  compound  villosities.  It  is  this  thickened 
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portion  which  is  afterward  concerned  in  the  formation  of  the  placenta , 
while  the  remaining  smooth  portion  continues  to  be  known  under  the 
name  of  the  chorion.  The  placental  portion  of  the  chorion  becomes  dis- 
tinctly limited  in  outline  by  about  the  end  ot  the  third  month. 

The  vascularity  of  the  chorion  keeps  pace,  in  its  different  parts,  with 
the  atrophy  and  development  of  its  villosities.  As  the  villosities  shrivel 
and  disappear  over  a part  of  its  extent,  the  bloodvessels  with  which  they 
were  supplied  diminish  in  abundance ; and  the  smooth,  portion  of  the 
chorion  finally  shows  only  a few  straggling  vessels  running  over  its  sur- 
face, but  not  connected  with  any  abundant  capillary  plexus.  In  the 
thickened  portion,  on  the  other  hand,  the  bloodvessels  lengthen  and 
ramify  to  an  extent  corresponding  with  that  of  the  villosities  in  which 
they  are  situated.  The  arteries,  coming  from  the  abdomen  of  the  foetus, 
divide  into  branches  which  enter  the  villi,  and  penetrate  through  their 
whole  extent ; forming,  at  the  placental  portion  of  the  chorion,  a mass 
of  tufted  and  ramified  vascular  loops,  while  the  rest  ot  the  membrane 
has  a comparatively  scanty  vascular  supply. 

The  chorion,  accordingly,  is  the  external  investing  membrane  of  the 
esg,  produced  by  an  outgrowth  from  the  body  of  the  embryo ; and  the 
placenta,  so  far  as  it  consists  of  the  foetal  membranes,  is  a part  of  the 
chorion,  distinguished  from  the  rest  by  the  local  development  of  its  villi 
and  bloodvessels. 


CHAPTER  XI. 


DEVELOPMENT  OP  THE  DECIDUAL  MEMBRANE, 
AND  ATTACHMENT  OF  THE  EGG  TO  THE  UTERUS. 


In  the  human  species,  where  the  development  of  the  embryo  is  com- 
pleted within  the  cavity  of  the  uterus,  the  egg  depends  for  its  nutrition 
and  growth  upon  materials  derived  from  the  organism  of  the  female 
parent.  The  immediate  source  of  supply  for  this  purpose  is  the  mucous 
membrane  of  the  uterus,  which  becomes  unusually  developed  and  in- 
creased in  functional  activity  during  the  period  of  gestation.  The 
uterine  mucous  membrane,  when  thus  modified  in  structure,  is  known 
as  the  decidual  membrane,  or  the  decidua.  It  has  received  this  name 
because  it  is  exfoliated  and  discharged  at  the  same  time  that  the  egg 
itself  is  expelled  from  the  uterus. 


The  mucous  membrane  of  the  body  of  the  uterus,  in  the  unimpreg- 
nated condition,  is  thin  and  delicate,  and  presents  a smooth  internal 
surface.  There  is  no  distinct  layer  of  connective  tissue  between  it  and 


the  muscular  substance  of  the  uterus ; so  that  the  mucous  membrane 


cannot  here,  as  in  most  other 
organs,  be  readily  separated 
by  dissection  from  the  subja- 
cent parts.  The  structure  of 
the  mucous  membrane,  how- 
ever, is  sufficiently  well 
marked.  It  consists,  through- 


Utkrine  Mucous  Mem- 
brane, from  the  unimpregnated 
uterus,  in  vertical  section,  a.  Free 
surface,  b.  Attached  surface.  Mag- 
nified about  10  diameters. 


Fig.  264. 


TTtbrine  Tubui.es,  from  the  mucous  mem- 
brane of  an  unimpregnated  human  uterus.  Mag- 
nified 125  diameters. 


out,  of  tubular  follicles,  ranged  side  by  side,  and  running  perpendicu- 
larly to  its  free  surface.  Near  this  surface,  they  are  nearly  straight ; but 
toward  the  deeper  part  of  the  mucous  membrane,  where  they  terminate 
in  blind  extremities,  they  become  more  or  less  wavy  or  spiral  in  their 
( 150  ) 
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course.  The  tubules  are  about  0.05  millimetre  in  diameter,  and  aie 
lined  with  columnar  epithelium.  They  occupy  the  entire  thickness  ot 
the  uterine  mucous  membrane,  their  closed  extremities  resting  upon 
the  subjacent' muscular  tissue,  while  their  mouths  open  into  the  cavity 
of  the  uterus.  A few  fine  bloodvessels  penetrate  the  mucous  membrane 
from  below,  and,  running  upward  between  the  tubules,  encircle  their 
superficial  extremities  with  a capillary  network.  There  is  no  connective 
tissue  in  the  uterine  mucous  membrane,  but  only  a few  isolated  nuclei 
and  spindle-shaped  fibre-cells,  scattered  between  the  tubules. 

Decidua  Vera.  — As  the  fecundated  egg  descends  through  the  Fal- 
lopian tube,  the  uterine  mucous  membrane  takes  on  an  increased 
activity  of  growth.  It  becomes  tumefied  and  vascular ; and,  as  it  in- 
creases in  thickness,  it  projects,  in  rounded  eminences  or  folds,  into 
the  uterine  cavity.  (Fig.  265.)  In  this  process  the  uterine  tubules  in- 
crease in  length,  and  also  become  wider ; so  that  their  open  mouths  may 
be  readily  seen  by  the  naked  eye  upon  the  uterine  surface,  as  numerous 
minute  perforations.  According  to  the  observations  of  Kolliker,  so 
early  as  the  end  of  the  first  week  they  have  increased  to  three  or  four 
times  their  original  length  and  width,  so  that  they  measure  at  this  time 
on  the  average  nearly  0.20  millimetre  in  diameter.  The  bloodvessels  of 
the  mucous  membrane  also  enlarge  and  communicate  freely  with  each 
other  ; tire  vascular  network  between  and  around  the  tubules  becoming 
more  extensive  and  abundant.  The  internal  surface  of  the  uteius,  after 
this  process  has  been  for  some  time  going  on,  presents  a thick,  rich,  soft, 
velvety,  and  vascular  lining,  quite  different  in  appearance  from  that 
which  is  to  be  found  in  the  unimpregnated  condition.  It  is  now  known 
as  the  decidua ; and  in  order  to  distinguish  it  from  a similar  growth  of 
subsequent  formation,  it  has  received  the  special  name  of  the  decidua 
vera. 

The  production  of  the  decidua  is  confined  to  the  body  of  the  uterus, 
the  mucous  membrane  of  the  cervix  taking  no  part  in  the  process,  but 
retaining  its  original  appearance.  The  decidual  membrane  commences 
above,  at  the  orifices  of  the  Fallopian  tubes,  and  ceases  below,  at  the 
situation  of  the  os  internum.  The  cavity  ot  the  cervix,  meanwhile,  is 
filled  with  an  abundant  secretion  of  its  peculiarly  viscid  mucus,  which 
blocks  up  its  passage,  and  protects  the  internal  cavity.  If  the  uterus 
be  opened,  therefore,  in  this  condition,  its  internal  surface  will  be  seen 
lined  with  the  decidua  vera,  which  is  continuous,  at  the  os  internum, 
with  the  unaltered  mucous  membrane  of  the  cervix  uteri. 

Decidua  Rejiexa.— As  the  fecundated  egg  passes  the  lower  orifice  of 
the  Fallopian  tube,  it  insinuates  itself  between  the  opposite  surfaces  of 
the  uterine  mucous  membrane,  and  becomes  lodged  in  one  of  the  furrows 
or  depressions  between  the  folds  of  the  decidua.  (Fig.  265.)  At  this 
situation  an  adhesion  subsequently  takes  place  between  the  external 
membranes  of  the  egg  and  the  uterine  decidua.  At  the  point  where 
the  egg  thus  becomes  fixed,  a still  more  rapid  development  takes  place 
in  the  uterine  mucous  membrane.  Its  projecting  folds  grow  up  around 
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the  egg  in  such  a manner  as  to  partially  inclose  it  in  a kind  of  circum- 
vallation,  and  to  shut  it  off,  more  or  less  completely,  from  the  general 


Fig.  265. 


Impregnated  Uterus;  showing  for- 
mation of  decidua.  The  decidua  is  repre- 
sented in  black;  and  the  egg  is  seen,  at  the 
fundus  of  the  uterus,  engaged  between  two 
of  its  projecting  folds. 


Fig.  2?>6. 


Impregnated  Uterus, with  project- 
ing folds  of  decidua  growing  up  around  the 
egg.  The  narrow  opening,  where  the  edges 
of  the  folds  approach  each  other,  is  seen 
over  the  most  prominent  portion  of  the  egg. 


Fiff.  267. 


cavity  of  the  uterus.  (Fig.  266.)  The  egg  thus  comes  to  be  contained 
in  a special  cavity  of  its  own,  which  still  communicates  for  a time  with 
the  general  cavity  of  the  uterus,  by  an  opening  situated  over  its  most 

prominent  portion.  As  the  process  of  growth 
goes  on,  this  opening  becomes  narrower,  while 
the  decidual  folds  approach  each  other  over 
the  surface  of  the  egg.  At  last  these  folds 
touch  each  other  and  unite,  forming  a kind  of 
cicatrix  which  remains  for  a certain  time,  to 
mark  the  situation  of  the  original  opening. 

When  the  development  of  the  uterus  has 
reached  this  point  (Fig.  267),  the  egg  is  com- 
pletely inclosed  in  a eavit}'  of  its  own  ; being 
everywhere  covered  with  a decidual  layer  of 
new  formation,  which  has  gradually  enveloped 
it,  and  by  which  it  is  concealed  from  view 
w'hen  the  uterine  cavity  is  laid  open.  This 
newly-formed  layer,  enveloping  the  projecting 
portion  of  the  egg,  is  called  the  Decidua 
rejlexa  ; because  it  is  reflected  over  the  egg  from  the  general  surface 
of  the  uterine  mucous  membrane.  The  orifices  of  the  uterine  tubules, 
in  consequence  of  the  manner  in  which  the  decidua  reflexa  is  formed, 
are  to  be  seen  not  only  on  its  external  surface,  or  that  which  looks 
toward  the  cavity  of  the  uterus,  but  also  on  its  internal  surface,  or  that 
which  looks  toward  the  egg. 

The  decidua  vera,  therefore,  is  the  original  mucous  membrane  lining 
the  surface  of  the  uterus.  The  decidua  reflexa  is  a new  formation, 
which  grows  up  around  the  egg  and  incloses  it  in  a distinct  cavity. 


Impregnated  Uterus; 
showing  the  egg  completely  in- 
closed by  the  decidua  reflexa. 
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If  abortion  occur  at  this  time,  the  mucous  membrane  of  the  uterus, 
that  is,  the  decidua  vera,  is  thrown  off,  and  brings  with  it  the  egg  and 
the  decidua  reflexa.  On  examining  the  mass  so  discharged,  the  egg 
will  be  found  imbedded  in  the  substance  of  the  decidual  membrane. 
One  side  of  the  membrane,  where  it  has  been  torn  away  from  its  attach- 
ment to  the  uterus,  is  ragged  ; the  other  side,  corresponding  to  the  cavity 
of  the  uterus,  is  smooth  or  gently  convoluted,  and  exhibits  distinctly 
the  orifices  of  the  uterine  tubules;  while  the  egg  itself  can  only  be 
extracted  by  cutting  through  the  decidual  membrane,  either  from  one 
side  or  the  other,  and  opening  in  this  way  the  special  cavity  in  which  it 
is  inclosed. 

During  the  formation  of  the  decidua  reflexa,  the  entire  egg,  as  well 
as  the  body  of  the  uterus  which  contains  it,  has  considerably  enlarged. 
That  portion  of  the  uterine  mucous  membrane  situated  immediately 
underneath  the  egg,  and  to  which  it  first  became  attached,  has  also  con- 
tinued to  increase  in  thickness  and  vascularity.  The  remainder  of  the 
decidua  vera,  however,  ceases  to  grow  as  before,  and  no  longer  keeps 
pace  with  the  increasing  size  of  the  egg  and  of  the  uterus.  It  is  still 
thick  and  vascular  at  the  end  of  the  third  month;  but  after  that  period 
it  becomes  comparatively  thinner  and  less  glandular,  while  the  activity 
of  growth  is  concentrated  in  the  egg,  and  in  that  portion  of  the  uterine 
mucous  membrane  with  which  it  is  in  immediate  contact. 


Fig.  268. 


Attachment  of  the  Egg  to  the  Uterus. — While  the  above  changes  are 
taking  place  in  the  lining  membrane  of  the  uterus,  the  formation  of  the 
embrj'O,  and  the  development  of  the  amnion 
and  chorion  have  been  going  on  simultane- 
ously ; and  soon  after  the  entrance  of  the 
egg  into  the  uterine  cavity,  the  chorion  is 
everywhere  covered  with  projecting  villosities. 

These  villosities  insinuate  themselves  into  the 
uterine  tubules,  or  between  the  folds  of  the 
decidual  surface ; penetrating  in  this  way  into 
little  cavities  of  the  uterine  mucous  mem- 
brane. When  the  formation  of  the  decidua 
reflexa  is  completed,  the  chorion  has  already 
become  uniformly  shaggy ; and  its  villosities, 
spreading  in  all  directions  from  its  external 
surface,  penetrate  everywhere  both  into  the 
decidua  vera  beneath  it  and  into  the  decidua 
reflexa  witn  which  it  is  covered.  In*  this  way 
the  egg  becomes  entangled  with  the  decidua, 
and  cannot  be  readily  separated  from  it  with- 
out rupturing  some  of  the  filaments  which  have  grown  from  its  surface, 
and  have  penetrated  the  substance  of  the  decidua.  The  nutritious  fluids, 
exuded  from  the  glandular  textures  of  the  decidua,  are  now  imbibed  by 
the  villosities  of  the  chorion ; and  a more  rapid  supply  of  nourishment 


Impkegn ated  Uterus, 
showing  the  connection  be- 
tween the  villosities  of  the 
chorion  and  the  decidual  mem- 
branes. 


754  DEVELOPMENT  OF  TUE  DECIDUAL  MEMBRANE. 


is  thus  provided,  corresponding  in  abundance  with  the  greater  size  of 
the  egg. 

Very  soon  the  activity  of  absorption  is  still  further  increased.  The 
chorion  becomes  vascular,  by  the  formation  of  bloodvessels  emerging 
from  the  body  of  the  embryo  and  penetrating  everywhere  into  the  villo- 
sities  with  which  it  is  covered.  Bach  villosity  then  contains  a vasculai 
loop,  imbedded  with  i t sol f in  the  substance  of  the  decidua,  and  serving 
to  absorb  from  the  uterine  mucous  membrane  the  materials  for  the 


growth  of  the  embryo. 

Subsequently,  the  vascular 
formly  distributed  over  its 


Fig.  269. 


Pregnant  Uterus;  showing 
the  formation  of  the  placenta  by 
the  united  development  of  a portion 
of  the  decidua  and  the  villosities  of 
the  chorion. 


tufts  of  the  chorion,  which  are  at  first  uni- 
surface, disappear  throughout  the  greater 
part  of  its  extent,  while  they  become  still 
further  developed  and  concentrated  at  a 
particular  point,  the  situation  of  the 
future  placenta.  This  is  the  spot  at 
which  the  egg  is  in  contact  with  the  de- 
cidua. Here,  both  the  decidual  membrane 
and  the  tufts  of  the  chorion  continue  to 
increase  in  thickness  and  vascularity ; 
while  elsewhere,  over  the  prominent  por- 
tion of  the  egg,  the  chorion  not  only  be- 
comes bare  of  villosities  and  compara- 
tively destitute  of  bloodvessels,  but  the 
decidua  reflexa,  which  is  in  contact  with 
it,  also  loses  its  activity  of  growth  and 
becomes  expanded  into  a thin  layer,  with- 
out any  remaining  trace  ot  glandular  fol- 
licles. 

The  uterine  mucous  membrane  is  there- 


fore developed,  during  gestation,  in  such  a way  as  to  provide  for  the 
nourishment  of  the  embryo  in  the  different  stages  of  its  growth.  At  fiist, 
the  whole  of  it  is  uniformly  increased  in  thickness  (decidua  vera).  Next, 
a portion  of  it  grows  upward  around  the  egg,  and  covers  its  projecting 
surface  (decidua  reflexa).  Afterward,  both  the  decidua  reflexa  and  the 
greater  part  of  the  decidua  vera  diminish  in  the  activity  of  their  growth, 
and  lose  their  importance  as  a means  of  nourishment  for  the  embryo; 
while  that  part  which  is  in  contact  with  the  vascular  tufts  of  the  chorion 
continues  to  grow,  becoming  excessively  developed,  and  taking  pait  in 
the  formation  of  the  placenta. 
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CHAPTER  XII. 

THE  PLACENTA. 

In  all  instances  in  which,  as  in  man  and  the  mammalians,  the  em- 
bryo is  dependent,  for  the  materials  of  its  growth,  upon  nutritious  fluids 
supplied  by  the  uterus,  the  communication  between  them  is  established 
by  means  of  two  vascular  membranes.  One  of  these  membranes,  the 
chorion  or  the  allantois,  is  a part  of  the  embryo;  the  other  is  the  mucous 
membrane  of  the  uterus.  By  their  more  or  less  intimate  juxtaposition, 
the  fluids  transuded  from  the  bloodvessels  of  the  mother  are  absorbed 
by  those  of  the  embryo,  and  thus  a transfer  of  nutriment  takes  place 
from  the  maternal  to  the  fcetal  organism. 

In  some  species  of  animals,  the  connection  between  the  maternal  and 
foetal  membranes  is  a simple  one.  In  the  pig,  for  example,  the  uterine 
mucous  membrane  is  everywhere  uniformly  vascular;  its  only  pecu- 
liarity consisting  in  the  presence  of  transverse  folds,  which  project 
inward  from  its  surface,  like  the  valvulae  conniventes  of  the  small  in- 
testine. The  external  investing  membrane  of  the  egg,  or  the  allantois, 
is  also  smooth  and  uniformly  vascular.  No  special  development  of 
tissue  or  of  vessels  occurs  at  any  part  of  these  membranes,  and  no  adhe- 
sion takes  place  between  them.  The  vascular  allantois  of  the  foetus  is 
simply  in  close  apposition  with  the  vascular  mucous  membrane  of  the 
uterus;  each  of  the  two  contiguous  surfaces  following  the  undulations 


Fig.  270. 


Diagram  of  the  Fcetal  Pig,  with  it  a membranes,  in  the  uterus ; showing  the  relation  of 
the  allantoic  and  uterine  surfaces. — a,  a,  b,  b.  Walls  of  the  uterus,  c,  c.  Cavity  of  the  uterus. 
d.  Amnion,  e,  e . AllantoiB. 


presented  by  the  other.  (Fig.  210.)  By  this  arrangement,  transudation 
and  absorption  take  place  from  the  bloodvessels  of  the  mother  to  those 
of  the  foetus,  in  sufficient  quantity  to  provide  for  the  nutrition  of  the 
latter.  When  parturition  takes  place,  a moderate  contraction  of  the 
uterus  is  sufficient  to  expel  its  contents.  The  egg,  displaced  from  its 
original  position,  slides  forward  over  the  surface  of  the  uterine  mucous 

( 755  ) 
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membrane,  and  is  discharged  without  any  hemorrhage  or  laceration  of 
the  parts. 

In  other  instances,  there  is  a more  intimate  connection,  at  certain 
points,  between  the  fetal  and  maternal  structures.  In  the  cow,  the 
sheep,  and  the  ruminating  animals  generally,  the  external  membrane  of 
the  egg,  beside  being  everywhere  supplied  with  branching  bloodvessels, 
presents,  scattered  over  its  surface,  a large  number  of  distinct  rounded 
or  oval  spots,  at  each  of  which  it  is  covered  with  thickly  set,  tufted, 
vascular  prominences.  These  spots  are  called  cotyledons , or  cups,  be- 
cause each  one  is  surrounded  by  a raised  rim  or  fold,  which  embraces  a 
corresponding  rounded  mass  projecting  from  the  internal  surface  of  the 
uterus.  This  projecting  portion  of  the  uterine  mucous  membrane  is 
also  abundantly  supplied  with  bloodvessels ; and  the  tufted  vascular 
loops  projecting  from  the  surface  of  the  fetal  membrane  (Fig.  271,  6,  b) 
dip  down  into  its  substance  and  are  entangled  with  those  belonging  to 


Fig.  271. 


Cotyledon,  from  the  pregnant  uterus  of  the  cow.—  a.  Internal  surface  of  the  allantois. 
6,  b.  Foetal  bloodvessels,  c,  c.  Surface  of  uterine  mucous  membrane,  d,  d.  Maternal  blood- 
vessels. 


the  uterus  (cZ,  d).  There  is  no  absolute  adhesion  between  the  two  sets 
of  vessels,  but  only  an  interlacement  of  their  ramified  extremities;  and 
by  careful  manipulation  the  fetal  portion,  with  its  villosities,  may  be 
extricated  from  the  maternal  portion  without  the  laceration  of  either. 

In  the  carnivorous  animals,  a similar  highly  developed,  vascular  por- 
tion of  the  allantois  runs,  in  the  form  of  a single  broad  belt  or  band, 
round  its  middle  part;  and  this  corresponds  in  situation  with  an  equally 
developed  zone  of  the  uterine  mucous  membrane.  Here  the  fetal  and 
maternal  structures  are  adherent  to  each  other ; while,  elsewhere, 
toward  the  two  extremities  of  the  egg,  they  lie  simply  in  contact. 
When  gestation  comes  to  an  end  in  these  animals,  and  the  fetus,  with 
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its  membranes,  is  expelled,  the  thickened  zone  of  uterine  mucous  mem- 
brane is  detached  at  the  same  time,  and  its  place  is  afterward  made 
good  by  a new  growth. 

In  the  human  species,  as  shown  in  the  preceding  chapter,  the  perma- 
nently thickened  portions  of  the  chorion  and  decidua,  united  with  each 
other  by  mutual  interpenetration  and  growth,  form  a single,  flattened, 
cake-like  mass  of  rounded  form,  occupying  rather  less  than  one-third 
of  the  surface  of  the  chorion,  and  corresponding  to  a similar  extent  ol 
the  inner  surface  of  the  uterus.  This  mass,  consisting  of  the  foetal  and 
maternal  elements  combined,  is  the  placenta. 

The  complete  development  of  the  placenta  takes  place  in  the  follow- 
ing manner: 

The  villi  of  the  choi-ion,  when  first  formed,  penetrate  into  follicles 
situated  in  the  substance  of  the  uterine  mucous  membrane;  and  after 
becoming  vascular,  they  are  developed  into  tufted  ramifications  of 
bloodvessels,  each  one  of  which  turns  upon  itself  in  a loop  at  the  ex- 
tremity. At  the  same  time  the  uterine  follicle,  into  which  the  villus 
has  penetrated,  enlarges  to  a similar  extent ; sending  out  branching 
diverticula,  corresponding  with  the  multiplied  ramifications  ot  the 
villus.  The  growth  of  the  follicle  and  that  of  the  villus  thus  go  on 
simultaneously  and  keep  pace  with  each  other ; the  latter  constantly 
advancing  as  the  cavity  of  the  former  enlarges. 

But  it  is  not  only  the  uterine  follicles  which  increase  in  size  and  in 
complication  of  structure  at  this  period.  The  capillary  bloodvessels, 
which  lie  between  them  and  ramify  over  their  exterior,  also  become 
unusually  developed.  They  enlarge  and  inosculate  freely  with  each 
other ; so  that  every  uterine  folli- 
cle is  covered  with  a network  of 
dilated  capillaries,  derived  from 
the  bloodvessels  of  the  original 
decidua. 

As  the  formation  of  the  pla- 
centa goes  on,  the  anatomical  ar- 
rangement of  the  foetal  bloodves- 
sels remains  the  same.  They 
continue  to  form  vascular  loops, 
penetrating  deeply  into  the  de- 
cidual membrane ; only  they  be- 
come more  elongated,  and  their 
ramifications  more  abundant  and 
tortuous.  The  maternal  capilla- 
ries, however,  on  the  outside  of 
the  uterine  follicles,  become  con- 
siderably altered  in  their  anatomi- 
cal relations.  They  enlarge  in 
all  directions,  and,  by  encroaching  upon  the  spaces  situated  between 
them,  fuse  successively  with  each  other;  and,  losing  gradually  in  this 


Fig.  272. 


Extremity  of  aF®TAi  Tuft,  from  the 
human  placenta  at  term,  in  its  recent  condi- 
tion.—a,  a.  Capillary  bloodvessels.  Magnified 
136  diameters. 
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way  the  characters  of  a capillary  network,  become  dilated  into  sinuses, 
which  communicate  freely  with  the  vessels  in  the  muscular  walls  of  the 
uterus.  As  the  original  capillary  plexus  occupied  the  entire  thickness 
of  the  hypertrophied  decidua,  the  vascular  sinuses,  into  which  it  is  thus 
converted,  are  equally  extensive.  They  commence  at  the  external  sur- 
face of  the  placenta,  where  it  is  in  contact  with  the  muscular  walls  of 
the  uterus,  and  extend  through  its  whole  thickness,  quite  to  the  surface 
of  the  foetal  chorion. 

As  the  maternal  sinuses  grow  inward,  the  vascular  tufts  of  the  cho- 
rion grow  outward,  and  extend  also  through  the  entire  thickness  of  the 
placenta.  In  the  latter  periods  of  pregnancy,  the  development  of  the 
bloodvessels,  both  in  the  foetal  and  maternal  portions  of  the  placenta, 
is  so  excessive  that  all  the  other  tissues,  which  originally  coexisted 
with  them,  have  nearly  disappeared.  If  a villus  from  the  foetal  portion 
of  the  placenta  be  examined  at  this  time  by  transparency,  in  the  fresh 
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condition  (Fig.  272)  it  will  be  seen  that  its  bloodvessels  are  cohered 

only  with  a layer  of  homogeneous,  or  finely 
granular  material,  about  7 mmm.in  thickness, 
in  which  are  imbedded  small  oval-shaped  nu- 
clei, similar  to  those  seen  at  an  earlier  period 
in  the  villosities  of  the  chorion.  The  placental 
villus  is  now,  therefore,  hardly  anything  more 
than  a congeries  of  ramified  and  tortuous  vas- 
cular loops ; its  remaining  substance  having 
been  atrophied  and  absorbed  in  the  excessive 
growth  of  the  bloodvessels,  the  abundance  and 
development  of  which  can  be  readily  shown  by 
injection  from  the  umbilical  arteries.  (Fig. 
273.)  The  uterine  follicles  have  at  the  same 
time  lost  their  original  structure,  and  have 
become  mere  vascular  sinuses,  into  which  the 
tufted  foetal  bloodvessels  are  received,  as  the 
villosities  of  the  chorion  were  at  first  received  into  the  uterine  fol- 
licles. 

Finally,  the  walls  of  the  foetal  bloodvessels  having  come  into  close 
apposition  with  the  walls  of  the  maternal  sinuses,  the  two  become  adhe- 


Extremity  of  a Fcetal 
Tuft  of  the  human  placen. 
ta;  from  an  injected  speci- 
men. Magnified  40  diameters. 


rent  and  fuse  together ; so  that  a time  at  last  arrives  when  we  can  no 
longer  separate  the  foetal  vessels,  in  the  substance  of  the  placenta,  from 
the  maternal  sinuses,  without  lacerating  either  the  one  or  the  other, 


owing  to  the  adhesion  which  has  taken  place  between  them. 

The  placenta,  therefore,  when  perfectly  formed,  has  the  structure 
which  is  shown  in  the  accompanying  diagram  (Fig.  274),  representing 
a vertical  section  of  the  organ  through  its  entire  thickness.  At  a,  a,  is 
seen  the  chorion,  receiving  the  umbilical  vessels  from  the  body  ot  the 
foetus  through  the  umbilical  cord,  and  sending  out  its  compound  and 
ramified  vascular  tufts  into  the  substance  of  the  placenta.  At  6,  6,  is 
the  attached  surface  of  the  decidua,  or  uterine  mucous  membrane ; and 
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at  e,  c,  e,  c,  are  the  orifices  of  uterine  vessels  which  penetrate  it  from 
below.  These  vessels  enter  the  placenta  in  an  extremely  oblique  direc- 
tion, though  they  are  represented  in  the  diagram,  for  the  sake  of  dis- 
tinctness, as  nearly  perpendicular.  When  they  have  once  penetrated 


Fig.  274. 


■Vertical  Bection  of  the  Placenta,  showing  the  arrangement  of  the  maternal  and  fetal 
bloodvessels.— a.  a.  Chorion,  b,  b.  Decidua,  c,  c,  c,  c.  OrificeB  of  uterine  sinuses. 


the  lower  portion  of  the  decidua,  they  immediately  dilate  into  the  pla- 
cental sinuses  (represented,  in  the  diagram,  in  black),  which  extend 
through  the  whole  thickness  of  the  organ,  closely  embracing  all  the 
ramifications  of  the  foetal  tufts.  It  will  be  seen,  therefore,  that  the  pla- 
centa, arrived  at  this  stage  of  completion,  is  composed  essentially  of 
nothing  but  bloodvessels.  The  other  tissues  which  originally  entered 
into  its  structure  have  disappeared,  leaving  the  bloodvessels  of  the  foetus 
entangled  with  and  adherent  to  the  bloodvessels  of  the  mother. 

There  is,  however,  no  direct  communication  between  the  foetal  and 
maternal  vessels.  The  blood  of  the  foetus  is  always  separated  from  the 
blood  of  the  mother  by  a membrane  which  has  resulted  lrom  the  suc- 
cessive union  and  fusion  of  four  different  membranes,  namely  : first,  the 
membrane  of  the  foetal  villus;  secondly,  that  of  the  uterine  follicle; 
thirdly,  the  wall  of  the  foetal  bloodvessel ; and  fourthly,  the  wall  of  the 
uterine  sinus.  The  membrane,  however,  thus  produced,  is  of  great 
extent,  owing  to  the  abundant  branching  and  subdivision  of  the  foetal 
tufts.  These  tufts,  in  which  the  blood  of  the  foetus  circulates,  are  bathed 
everywhere,  in  the  placental  sinuses,  with  the  blood  of  the  mother;  and 
the  processes  of  absorption  and  exhalation  go  on  between  the  two  with 
a corresponding  activity. 

It  is  easy  to  demonstrate  the  arrangement  of  the  foetal  tufts  in  the 
human  placenta.  They  can  be  readily  seen  by  the  naked  eye,  and  may 
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be  traced  from  their  attachment  at  the  under  surface  of  the  chorion  to 
their  termination  near  the  uterine  surface  of  the  placenta.  The  ana- 
tomical disposition  of  the  placental  sinuses  is  more  difficult  of  examina- 
tion. During  life,  and  while  the  placenta  is  still  attached  to  the  uterus, 
they  are  filled,  of  course,  with  the  blood  of  the  mother,  and  occupy  fully 
one-half  the  mass  of  the  placenta.  But  when  the  placenta  is  detached, 
the  maternal  vessels  belonging  to  it  are  torn  off  at  their  necks  (Fig. 
274,  c,  c,  c,  c),  and  the  sinuses,  being  then  emptied  of  blood  by  the  com- 
pression to  which  the  placenta  is  subjected,  are  apparently  obliterated; 
and  the  foetal  tufts,  falling  together  and  lying  in  contact  with  each 
other,  appear  to  constitute  the  whole  of  the  placental  mass.  The  ex- 
istence of  the  placental  sinuses,  however,  and  their  true  extent,  may  be 
demonstrated  in  the  following  manner. 

If  we  take  the  uterus  of  a woman  who  has  died  undelivered  at  the 
full  term  or  thereabout,  and  open  it  in  such  a way  as  to  avoid  wounding 
the  placenta,  this  organ  will  be  seen  remaining  attached  to  the  uterine 
surface,  with  all  its  vascular  connections  complete.  Let  the  foetus  be 
now  removed  by  dividing  the  umbilical  cord,  and  the  uterus,  with  the 
placenta  attached,  placed  under  water,  with  its  internal  surface  upper- 
most. If  the  end  of  a blowpipe  be  then  introduced  into  one  of  the 
divided  vessels  of  the  uterine  walls,  and  air  forced  in  by  gentle  insuffla- 
tion, we  can  easily  inflate,  first,  the  vascular  sinuses  of  the  uterus,  and 
next,  the  deeper  portions  of  the  placenta;  and  lastly,  the  bubbles  of  air 
insinuate  themselves  everywhere  between  the  foetal  tufts,  and  appear  in 
the  most  superficial  portions  of  the  placenta,  immediately  underneath 
the  transparent  chorion  (a,  a,  Fig.  274) ; thus  showing  that  the  pla- 
cental sinuses,  which  freely  communicate  with  the  uterine  vessels,  occupy 
the  entire  thickness  of  the  placenta,  and  are  equally  extensive  with  the 
tufts  of  the  chorion.  We  have  verified  this  fact  in  the  above  manner, 
on  six  different  occasions,  and  in  the  presence  of  Frof.  C.  II.  Gilman, 
Prof.  Geo.  T.  Elliot,  Prof.  Henry  B.  Sands,  Prof.  T.  G.  Thomas,  Dr.  T. 
C.  Finnell,  and  various  other  medical  gentlemen  of  New  York.  The 
same  thing  has  been  done  by  Prof.  A.  Flint,  Jr.,1  with  a similar  result. 

If  the  placenta  be  detached  and  examined  separately,  it  will  be  found 
to  present  upon  its  uterine  surface  a number  of  openings,  which  are  ex- 
tremely oblique  in  position,  and  bounded  on  one  side  by  a very  thin 
crescentic  edge.  These  are  the  orifices  of  the  uterine  bloodvessels, 
passing  into  the  placenta  and  torn  off  at  their  necks,  as  above  described ; 
and  by  carefully  following  them  with  the  probe  and  scissors,  they  aie 
found  to  lead  at  once  into  extensive  empty  cavities  (the  placental 
sinuses),  situated  between  the  foetal  tufts.  These  cavities  are  filled 
during  life  with  the  maternal  blood  ; and  there  is  every  reason  to  beliere 
that  before  delivery,  while  the  circulation  is  going  on,  the  placenta  is  at 
least  twice  as  large  ns  after  it  has  been  detached  and  expelled  from  the 
uterus. 


1 Flint,  Physiology  of  Man.  New  York,  1874,  vol.  v.  p.  382. 
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The  placenta,  accordingly,  is  a double  organ,  formed  partly  by  the 
chorion  and.  partly  by  the  decidua ; and  consisting  of  maternal  and  foetal 
bloodvessels,  entangled  and  united  with  each  other. 

The  part  whicli  this  organ  takes  in  the  development  of  the  foetus  is 
of  primary  importance.  From  the  date  of  its  formation,  at  about  the 
beginning  of  the  fourth  month,  it  constitutes  the  only  channel  through 
which  nourishment  is  conveyed  from  the  mother  to  the  foetus.  The 
nutritious  materials,  which  circulate  in  the  blood  of  the  maternal 
sinuses,  pass  through  the  intervening  membrane,  and  enter  the  blood  of 
the  foetus.  The  healthy  or  injurious  regimen,  to  which  the  mother  is 
subjected,  will  accordingly  exert  an  influence  upon  the  child.  Even 
medicinal  substances,  taken  by  the  mother  and  absorbed  into  the  circu- 
lation, may  transude  through  the  placental  vessels,  and  thus  exert  a 
specific  effect  upon  the  foetal  organization. 

The  placenta  is,  furthermore,  an  organ  of  exhalation  as  well  as  of 
absolution.  The  excrementitious  matters,  produced  in  the  circulation 
of  the  foetus,  are  undoubtedly  in  great  measure  disposed  of  by  transu- 
dation through  the  walls  of  the  placental  vessels,  to  be  afterward  dis- 
charged by  the  excretory  organs  of  the  mother.  The  system  of  the 
mother  may  therefore  be  affected  in  this  manner  by  influences  derived 
from  the  foetus.  It  has  been  observed  in  the  lower  animals,  that  when 
the  female  has  two  successive  litters  of  young  by  different  males,  the 
3’oung  of  the  second  litter  will  sometimes  bear  marks  resembling  those 
of  the  first  male.  In  these  instances,  the  influence  which  produces  the 
external  mark  is  transmitted  by  the  first  male  to  the  foetus,  from  the 
foetus  to  the  mother,  and  from  the  mother  to  the  foetus  of  the  second 
litter. 

It  is  also  through  the  placental  circulation  that  those  disturbing  effects 
are  produced  upon  the  nutrition  of  the  foetus,  which  result  from  sud- 
den shocks  or  injuries  inflicted  upon  the  mother.  There  is  little  room 
for  doubt  that  various  deformities  and  deficiencies  of  the  foetus,  confor- 
mably to  the  popular  belief,  originate,  in  certain  cases,  from  nervous 
impressions  experienced  by  the  mother.  The  mode  in  which  these  effects 
may  be  produced  is  readily  understood  from  the  anatomy  and  functions 
of  the  placenta.  It  is  well  known  how  easily  nervous  impressions  will 
disturb  the  circulation  in  the  brain,  the  face,  or  the  lungs ; and  the 
uterine  circulation  is  quite  as  readily  influenced  by  similar  causes,  as 
shown  in  cases  of  amenorrhoea  and  menorrhagia.  If  a nervous  shock 
ma}^  excite  premature  contraction  in  the  muscular  fibres  of  the  pregnant 
uterus  and  produce  abortion,  it  is  undoubtedly  capable  of  disturbing 
the  circulation  of  the  blood  in  the  same  organ.  But  the  foetal  circulation 
is  dependent,  to  a great  extent,  on  the  maternal.  The  two  sets  of  vessels 
are  united  in  the  placenta,  and  as  the  foetal  blood  has  much  the  same 
relation  to  the  maternal,  that  the  blood  in  the  pulmonary  capillaries  has 
to  the  air  in  the  pnlmonary  air-cells,  it  must  be  liable  to  derangement 
from  similar  causes.  And  lastly,  as  the  nutrition  of  the  foetus  is  pro- 
vided for  wholly  by  the  placenta,  it  will  suffer  from  any  disturbance  of 
49 
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the  placental  circulation.  These  effects  may  be  manifested  either  in  the 
general  atrophy  and  death  of  the  foetus,  or  in  the  imperfect  develop- 
ment of  particular  parts ; just  as  in  the  adult  a morbid  action  may  ope- 
rate upon  the  entire  system,  or  may  show  itself  in  some  one  organ,  which 
is  more  particularly  sensitive  to  its  influence. 
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CHAPTER  XIII. 

DISCHARGE  OF  THE  FCETUS  AND  PLACENTA. 

REGENERATION  OF  THE  UTERINE  TISSUES. 

During  the  growth  of  the  embryo  and  its  membranes,  and  the 
development  of  the  uterine  mucous  membrane  into  the  decidua  and 
placenta,  the  muscular  tissue  of  the  uterus  also  increases  in  thickness, 
while  the  whole  organ  enlarges,  to  accommodate  the  greater  volume  of 
its  contents.  This  increase  of  substance,  which  is  mainly  due  to  an  un- 
usual growth  in  the  muscular  walls  of  the  organ,  gives  it  a sufficient 
degree  of  contractile  power  for  the  expulsion  of  the  fcetus  at  the  time 
of  delivery. 

The  enlargement  of  the  amniotic  cavity,  and  the  increased  quantity 
of  the  amniotic  fluid,  also  provide  the  requisite  space  and  freedom  for 
the  intra-uterine  movements  of  the  fcetus.  These  movements  begin  to 
be  perceptible  about  the  fifth  month,  at  which  time  the  development  of 
the  muscular  S37stem  has  become  sufficient  to  allow  it  a certain  amount 
of  functional  activity.  During  the  latter  months  of  pregnancy  they 
become  more  frequent  and  vigorous,  and  may  often  be  felt  by  the  hand 
of  the  observer  applied  to  the  abdomen  over  the  region  of  the  uterus. 

The  attachment  of  the  embryo  to  the  investing  membranes  of  the  egg 
is  at  first  by  a very  short  and  comparatively  wide  funnel-shaped  con- 
nection, consisting  of  the  com- 
mencement of  the  chorion,  a part 
of  the  amnion,  and  an  abundant 
deposit  of  gelatinous  material 
between  the  two,  containing  the 
stem  of  the  umbilical  vesicle. 

Subsequently,  as  the  amniotic 
cavity  enlarges,  the  body  of  the 
embryo  recedes  farther  from  the 
inner  surface  of  the  chorion,  by 
the  elongation  of  its  connecting 
part ; and  this  part  consequently 
begins  to  present  the  appearance 
of  a cord  (Fig-  215).  It  is  still 
surrounded  with  a thick  layer  of 
gelatinous  matter,  by  which  it  is 
separated  from  its  amniotic  in- 
vestment. As  it  emerges  from 
the  abdomen  of  the  embryo  at  a point  where  the  abdominal  walls  will 
afterward  close  round  it,  to  form  the  umbilicus,  it  is  known  by  the 
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name  of  the  umbilical  cord.  It  contains  the  bloodvessels  passing  out 
from  the  body  of  the  embryo  to  the  chorion  and  placenta. 

After  the  third  month  the  umbilical  cord  and  its  bloodvessels  elongate 
even  more  rapidly  than  is  required  by  the  increase  in  size  of  the  amniotic 
cavity.  They  consequently  assume  a twisted  form,  the  two  umbilical 
arteries  winding  round  the  vein  in  a spiral  direction. 

The  direction  of  the  spiral  is  not  always  the  same.  Prof.  McLane 
has  recorded  observations  made  in  regard  to  this  point  upon  2G0  um- 
bilical cords  at  term,  partly  in  his  private  practice  and  partly  at  the 
Nursery  and  Child’s  Hospital,  New  York.  Of  this  number,  in  138 
cases  the  direction  of  the  spiral  was  from  left  to  right;  in  112  cases, 
from  right  to  left ; and  in  the  10  remaining  instances  it  was  doubtful, 
the  twist  being  too  imperfectly  marked  for  decision.  This  gives  nearly 
the  following  percentage  as  the  result  ot  all  the  observations . 

Direction  of  the  Spiral  Twist  of  the  Human  Umbilical  Cord. 

From  left  to  right S3  per  cent. 

From  right  to  left 43 

Indeterminate 4 “ 


Fig.  276. 


100 

There  is,  accordingly,  no 
marked  preponderance  in  fre- 
quency of  the  twist  in  either 
direction.  Two  cases  of  twins 
are  included  in  the  above  list ; 
in  the  first  of  which  both  um- 
bilical cords  turned  from  right 
to  left ; in  the  second,  one  of 
them  turned  from  right  to  left, 
the  other  from  left  to  right. 
In  two  instances,  the  cord 
presented  turns  in  opposite 
directions  in  different  parts  of 
its  length. 

The  gelatinous  matter,  al- 
ready described  as  existing 
between  the  amnion  and  cho- 
rion, and  which  disappears 
elsewhere,  accumulates,  on 
the  contrary,  in  the  cord  in 
considerable  quantity,  cover- 
ing the  vessels  with  a thick, 

elastic  envelope,  which  protects  them  from  accidental  °r 

obliteration.  The  whole  is  covered  by  an  extension  of  the  ami  on, 
which  is  continuous  at  one  extremity  with  the  mtegnment  of  he  do 
men,  and  invests  the  cord  with  an  uninterrupted  sheath,  like  the  fil  g 

of  a glove. 


showing  the’  relations  of  the  cord,  placenta,  and 
membranes.— 1.  Decidua  vera.  2.  Decidua  reflexa. 
3.  Chorion.  4.  Amnion. 
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The  cord  also  contains,  for  a certain  period,  the  pedicle  or  stem  of 
the  umbilical  vesicle.  The  situation  of  this  vesicle,  necessarily,  is 
always  between  the  chorion  and  the  amnion.  Its  pedicle  gradually 
elongates  with  the  growth  of  the  umbilical  cord ; and  the  vesicle  itself, 
which  generally  disappears  soon  after  the  third  month,  sometimes  re- 
mains as  late  as  the  fifth,  sixth,  or  seventh.  According  to  Mayer,  it 
may  even  be  found,  by  careful  search,  at  the  termination  of  pregnancy. 
In  the  middle  and  latter  periods  of  gestation,  it  presents  itself  as  a 
small,  flattened  vesicle,  situated  beneath  the  amnion,  at  a variable  dis- 
tance from  the  insertion  of  the  umbilical  cord.  A minute  bloodvessel 
is  often  seen  running  to  it  from  the  cord,  and  ramifying  upon  its 
surface. 

The  decidua  reflexa,  during  the  latter  months  of  pregnancy,  is  con- 
stantly distended  by  the  increasing  size  of  the  egg,  and  finally  pressed 
against  the  opposite  surface  of  the  decidua  vera.  By  the  end  of  the 
seventh  month,  the  decidua  vera  and  reflexa  are  in  contact,  though  still 
distinct  and  capable  of  being  easily  separated.  After  that  time,  they 
become  confounded  with  each  other,  forming  at  last  only  a single,  thin, 
friable,  semi-opaque  layer,  in  which  no  trace  of  glandular  structure  can 
be  discovered. 

This  is  the  condition  of  things  at  the  termination  of  pregnancy. 
Then,  the  time  having  arrived  for  parturition  to  take  place,  the  hyper- 
trophied muscular  walls  of  the  uterus  contract  upon  its  contents,  and 
the  egg  is  discharged,  together  with  the  decidual  membrane. 

In  the  human  species,  as  well  as  in  most  quadrupeds,  the  membranes 
of  the  egg  are  usually  ruptured  during  the  process  of  parturition  ; and 
the  foetus  escapes  first,  the  placenta  and  the  rest  of  the  appendages  fol- 
lowing a few  moments  afterward.  Occasionally  the  egg  is  discharged 
entire,  and  the  foetus  afterward  liberated  by  the  laceration  of  the  mem- 
branes. In  each  case  the  mode  of  separation  and  expulsion  is  essen- 
tially the  same. 

The  process  of  parturition,  therefore,  consists  in  a separation  of  the 
decidual  membrane,  which,  on  being  discharged,  brings  away  the  ovum 
with  it.  The  greater  part  of  the  decidua,  vera,  having  fallen  into  a 
state  of  atrophy  during  the  latter  months  of  pregnancy,  is  by  this  time 
nearly  destitute  of  vessels,  and  separates  without  perceptible  hemor- 
rhage. That  portion  which  enters  into  the  formation  of  the  placenta  is, 
on  the  contrary,  excessively  vascular;  and  when  the  placenta  is  sepa- 
rated, and  its  maternal  vessels  tom  off  at  their  insertion,  a gush  of 
blood  takes  place,  which  accompanies  or  immediately  follows  the  birth 
of  the  foetus.  This  hemorrhage,  which  occurs  at  tliedime  of  parturition, 
does  not  come  immediately  from  the  uterine  vessels.  It  consists  of 
blood  which  was  contained  in  the  placental  sinuses,  and  which  is  ex- 
pelled from  them  owing  to  the  compression  of  the  placenta  by  the 
muscular  walls  of  the  uterus.  Since  the  whole  amount  of  blood  thus 
lost  was  previously  employed  in  the  placental  circulation,  and  since  the 
placenta  itself  is  thrown  off  at  the  same  time,  no  unpleasant  effect  is 
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produced  upon  the  mother  by  such  a hemorrhage,  because  the  propor- 
tion of  blood  in  the  rest  of  the  vascular  system  remains  the  same. 
Uterine  hemorrhage  at  the  time  of  delivery  becomes  injurious  only 
when  it  continues  after  complete  separation  of  the  placenta;  in  which 
case  it  is  supplied  by  the  mouths  of  the  uterine  vessels,  left  open  by 
failure  of  the  uterine  contractions.  These  vessels,  in  natural  parturi- 
tion, are  instantly  closed,  after  separation  of  the  placenta,  by  the  con- 
traction of  the  uterine  muscular  fibres.  They  pass,  as  already  men- 
tioned, in  an  exceedingly  oblique  direction,  from  the  uterus  to  the 
placenta;  and  the  muscular  fibres,  which  cross  them  transversely  above 
and  below,  necessarily  close  their  orifices  by  constriction  as  soon  as 
they  are  thrown  into  a state  of  functional  activity 

Regeneration  of  the  Uterine  Tissues  after  Delivery. — Both  the  mu- 
cous membrane  and  muscular  tissue  of  the  uterus,  which  are  the  seat 
of  an  unusual  growth  during  pregnancy,  are  afterward  replaced  by 
corresponding  tissues  of  new  formation.  The  mucous  membrane,  or 
decidua,  is  discharged  at  the  time  of  delivery;  and  the  hypertrophied 
muscular  tissue,  which  has  sei’ved  its  purpose  in  the  expulsion  of  the 
foetus,  undergoes  soon  afterward  a process  of  retrogression  and  atrophy. 

A remarkable  phenomenon  connected  with  the  renovation  of  the  ute- 
rine tissues,  is  the  appearance  in  the  uterus,  during  pregnancy,  ot  a 
new  mucous  membrane,  growing  underneath  the  old,  and  ready  to  take 
the  place  of  the  latter  after  its  discharge. 

If  the  internal  surface  of  the  body  of  the  uterus  be  examined  imme- 
diately after  parturition,  it  will  be  seen  that  at  the  spot  where  the  pla- 
centa was  attached,  every  trace  of  mucous  membrape  has  disappeared. 
The  muscular  fibres  of  the  uterus  are  here  exposed  and  bare  ; while 'the 
mouths  of  the  ruptured  uterine  sinuses  are  also  visible,  with  their  thin 
edges  hanging  into  the  cavity  of  the  uterus,  and  their  orifices  plugged 
with  bloody  coagula. 

Over  the  rest  of  the  uterine  surface  the  decidua  vera  has  also  disap- 
peared. Here,  however,  notwithstanding  the  loss  of  the  original  mucous 
membrane,  the  muscular  fibres  are  not  perfectly  bare,  but  °re  covered 
with  a semi-transparent  film,  of  whitish  color  and  soft  consistency. 
This  film  is  an  imperfect  mucous  membrane  of  new  formation,  which 
begins  to  be  produced,  underneath  the  old  decidua  vera,  as  early  as 
the  beginning  of  the  eighth  month.  We  have  seen  this  very  dis- 
tinctly in  the  uterus  of  a woman  who  died  undelivered  at  the  above 
period.  The  old  mucous  membrane,  or  decidua  vera,  is  at  this  time 
somewhat  opaque,  and  of  a slightly  yellowish  color,  owing  to  partial 
fatty  degeneration.  It  is  easily  separated  from  the  subjacent  parts, 
on  account  of  the  atrophy  of  its  vascular  connections ; and  the  new 
mucous  membrane,  situated  beneath  it,  is  distinguishable  by  its  fresh 
color  and  semi-transparent  aspect. 

The  mucous  membrane  of  the  cervix  uteri,  which  takes  no  part  in 
the  formation  of  the  decidua,  is  not  thrown  off  in  parturition ; and  after 
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delivery  it  may  be  seen  to  ter- 
minate at  the  os  internum  by 
an  uneven,  lacerated  edge, 
where  it  was  formerly  contin- 
uous with  the  decidua  vera. 

Subsequently,  a regeneration 
of  the  mucous  membrane  takes 
place  over  the  whole  extent  of 
the  body  of  the  uterus.  The 
mucous  membrane  of  new  for- 
mation, which  is  already  in 
existence  at  the  time  of  de- 
livery, becomes  thickened  and 
vascular ; and  glandular  tu- 
bules are  gradually  developed 
in  its  substance.  At  the  end  of 
two  months  after  delivery,  ac- 
cording to  Longet1  and  Heschl,2 
it  has  regained  the  natural 
structure  of  uterine  mucous 
membrane.  It  unites  at  the  os 
interum,  by  a linear  cicatrix, 
with  the  mucous  membrane  of 
the  cervix,  and  the  traces  of 
laceration  at  this  spot  after- 
ward cease  to  be  visible.  At 
the  point,  however,  where  the 
placenta  w\as  attached,  the  re- 
generation of  the  mucous  mem- 
brane is  less  rapid ; and  a cica- 
trix-like spot  is  often  visible 
at  this  situation  for  several 
months  after  delivery. 

The  corresponding  change 
in  the  muscular  tissue  of  the 


Fig.  277. 


Muscular  Fibres  of  the  Unimpreg- 
nated Human  Uterus;  from  a woman  aged 
40,  dead  of  phthisis  pulmonaiis. 


Fig.  278. 


Muscular  Fibres  of  the  Hu»Ia5  Ute- 
rus, ten  days  after  parturition;  from  a woman 
dead  of  puerperal  fever. 


uterus  consists  in  the  fatty  de- 
generation of  its  fibres.  The 
muscular  fibres  of  the  unimpregnated  uterus  are  pale,  flattened,  spindle- 
shaped  bodies  (Fig.  277),  homogeneous  or  faintly  granular  in  appear- 
ance, and  measuring  about  50  mmm.  in  length.  During  gestation  these 
fibres  increase  considerably  in  size.  Their  texture  becomes  more  dis- 
tinctly granular,  and  their  outlines  more  strongly  marked.  An  oval 
nucleus'also  shows  itself  in  the  central  part  of  each  fibre.  The  entire 


i Trait6  de  Physiologie.  Paris,  1850,  GSnSration,  p.  173. 

s Zeitschrift  der  K.  K.  Gesellschaft  der  Aerzte,  in  Wien,  1852. 
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walls  of  the  uterus,  at  the  time  of  delivery,  are  composed  of  such  mus- 
cular fibres,  arranged  in  circular,  oblique,  and  longitudinal  bundles. 

About  the  end  of  the  first  week  after  delivery,  these  fibres  begin  to 
undergo  a fatty  degeneration.  (Fig.  278.)  Their  granules  become  larger 
and  more  prominent,  and  soon  assume  the  appearance  of  fat  granules, 
deposited  in  the  substance  of  the  fibre.  The  deposit,  thus  commenced, 


The  process  finally  results  in  a complete  renovation  of  the  muscular 
substance  of  the  uterus.  The  organ  becomes  again  reduced  in  size,  com- 
pact in  tissue,  and  of  a pale  ruddy  hue,  as  in  the  unimpregnated  con- 
dition. The  entire  renewal  or  reconstruction  of  the  uterus  is  completed, 
according  to  Heschl,  about  the  end  of  the  second  month  after  delivery 


Fig.  279. 


increases  in  abundance,  and 
the  granules  continue  to  en- 
large until  they  become  con- 
verted into  fully  formed  fat 
globules,  which  fill  the  interior 
of  the  fibre  more  or  less  com- 
pletely, and  mask,  to  a certain 
extent,  its  anatomical  charac- 
ters. (Fig.  279.)  The  fatty 
degeneration,  thus  induced, 
gives  to  the  uterus  a softer 
consistency,  and  a pale  yellow- 
ish color  which  is  characteristic 
of  this  period.  The  altered 
muscular  fibres  are  afterward 
absorbed,  and  gradually  give 
place  to  others  of  new  forma- 


Muscdiar  Fibres  of  Human  Uterus 
three  weeks  after  parturition;  from  a woman  dead 
of  peritonitis. 


; tion,  which  already  begin  to 
show  themselves  before  the 
old  ones  have  disappeared. 


CHAPTER  XIY. 


DEVELOPMENT  OF  THE  NERVOUS  SYSTEM,  ORGANS 
OF  SENSE,  SKELETON,  AND  LIMBS. 

The  first  trace  of  the  cerebro-spinal  axis  in  the  embryo  consists  of  the 
two  longitudinal  folds  of  the  external  blastodermic  layer,  which  include 
between  them  the  median  furrow,  known  as  the  “ medullary  groove” 
(page  T24).  The  two  folds,  after  uniting  by  their  corresponding  edges 
on  the  median  line,  over  the  back  of  the  embryo, 
convert  the  groove  into  a canal,  the  “ medullary 
canal and  it  is  within  this  canal  that  the  cerebro- 
spinal axis  is  formed. 

The  mode  of  its  formation  is  by  the  growth  of 
nervous  matter  upon  the  inner  surface  of  the  medul- 
lary canal ; and  this  canal,  which  becomes  the  cerebro- 
spinal canal,  is  accordingly  lined  with  a secondary 
internal  sheath  of  nervous  matter,  which  also  has 
the  form  of  a tubular  membranous  canal,  with  a con- 
tinuous central  cavity.  This  is  the  cerebro-spinal 
axis,  which  thus  forms  a hollow  cylindrical  cord  of 
nervous  matter,  running  in  a longitudinal  direction 
within  the  cerebro-spinal  canal.  Anteriorly  it  ex- 
pands into  a bulbous  enlargement  corresponding  to 
the  brain.  Its  middle  portion,  constituting  the  spinal 
cord,  is  nearly  cylindrical ; and  posteriorly,  at  its 
caudal  extremity,  it  terminates  by  a pointed  enlarge- 
ment. 

The  next  change  which  shows  itself  is  a division  of  the  anterior  bul- 
bous enlargement  into  three  secondary  compartments  or  vesicles,  par- 
tially separated  from  each  other  by  incomplete  transverse  constrictions-. 
These  are  known  as  the  cerebral  vesicles , from  which  the  different  parts 
of  the  encephalon  are  afterward  to  be  developed.  The  first  or  most 
anterior  vesicle  is  destined  to  form  the  hemispheres ; the  second  or 
middle,  the  tubercula  quadrigemina  ; the  third,  or  posterior,  the  medulla 
oblongata.  All  three  vesicles  are  still  hollow,  and  their  cavities  com- 
municate freely  with  each  other  through  the  intervening  orifices. 

Very  soon  the  anterior  and  posterior  cerebral  vesicles  undergo  a fur- 
ther division,  the  middle  one  remaining  undivided.  The  anterior  vesicle 
thus  separates  into  two  portions,  of  which  the  first,  or  larger,  consti- 
tutes the  hemispheres,  while  the  second,  or  smaller,  becomes  the  optic 

( 169  ) 


Fig.  280. 


Formation  of  the 
OEKEBRO-SrlNAL 
Axis.  — a,6.  Spinal 
cord  c.  Cephalic  ex- 
tremity. d.  Caudal 
extremity. 
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thalami.  The  third  vesicle  also  separates  into  two  portions,  of  which 
the  anterior  becomes  the  cerebellum,  the  posterior  the  medulla  oblongata. 


Fig.  281. 


Fig.  282. 


Fcetal  Pig,  1J  centimetre  long,  showing  the  condition 
of  the  brain  and  spinal  cord. — 1.  Hemispheres.  2.  Tubereula 
quadrigemina.  3.  Cerebellum.  4.  Medulla  oblongata. 

There  are,  therefore,  at  this  time  five  cerebral 
vesicles,  all  of  which  communicate  with  each 
other  and  with  the  central  cavity  of  the  spinal 
cord.  The  entire  eerebro-spinal  axis  also  be- 
comes strongly  curved  in  an  anterior  direction, 
corresponding  with  the  anterior  curvature  of 
the  body  of  the  embryo  (Fig.  282)  ; so  that  the 
middle  vesicle,  or  that  of  the  tubereula  quadri- 
gemina, occupies  a prominent  angle  at  the  upper 
part  of  the  encephalon,  while  the  hemispheres  and 
the  medulla  oblongata  are  situated  below  it,  ante- 
riorly and  posteriorly.  At  first  the  relative  size  of  the  tarious  paits 
of  the  encephalon  is  very  different  from  that  presented  in  the  adult 
condition.  The  hemispheres  are  hardly  larger  than  the  tubereula  quad- 
rigemina; and  the  cerebellum  is  inferior  in  size  to  the  medulla  oblongata. 
Soon  afterward,  the  relative  position  and  volume  of  the  parts  begin  to 
alter.  The  hemispheres  and  tubereula  quadrigemina  grow  faster  than 
the  posterior  portions  of  the  encephalon ; and  the  cerebellum  becomes 
doubled  backward  over  the  medulla  oblongata.  (Fig.  283.)  Subse- 


Formation  of  the  C eb  e- 
bro-Spinal  Axis  — 1. 
Vesicle  of  the  hemispheres. 
2.  Vesicle  of  the  tubereula 
quatlrigemina.  3.  Vesicle 
of  the  medulla  oblongata. 


Fi;r.  283. 


Fiff.  284. 


Fcet A L Pig,  three  centimetres  long. 
— 1.  Hemispheres.  2.  Tubereula  quadri- 
gemina. 3.  Cerebellum.  4 Medulla  ob- 
longata. 


Head  of  Fostal  Pig,  nine  centimetres 
long.— 1 Hemispheres.  3.  Cerebellum.  4.  Me- 
dulla oblongata. 


quently,  the  hemispheres  enlarge  more  rapidly,  growing  upward  and 
backward,  so  as  to  cover  both  the  optic  thalami  and  the  tubereula 
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quadrigemina  (Fig.  284);  the  cerebellum  tending  in  the  same  way  to 
grow  backward,  and  projecting  farther  in  this  direction  over  the  medu  a 
oblongata.  The  subsequent  history  of  the  development  ot  the  enceph- 
alon is  mainly  a continuation  of  the  same  process  ; the  relative  dimen- 
sions of  the  parts  constantly  changing,  so  that  the  hemispheres  become, 
in  the  adult  condition  (Fig.  285),  the  largest  division  of  the  encephalon. 


Fig.  285. 


Brain  of  Adult  Pig.— 1.  Hemispheres.  3.  Cerebellum.  4.  Medulla  oblongata. 

while  the  cerebellum  is  next  in  size,  and  covers  the  upper  portion  of 
the  medulla  oblongata.  The  surfaces  of  the  hemispheres  and  cerebellum, 
which  are  at  first  smooth,  become  afterward  convoluted  ; thus  increasing- 
still  farther  the  extent  of  their  nervous  matter.  In  the  human  foetus 
the  cerebral  convolutions  begin  to  appear  about  the  beginning  of  the 
fifth  month  (Longet),  and  grow  deeper  and  more  abundant  during  the 
remainder  of  foetal  life. 

The  lateral  portions  of  the  brain  growing  at  the  same  time  more 
rapidly  than  that  on  the  median  line,  they  project  on  each  side  outward 
and  upward ; and  by  folding  over  against  each  other  toward  the  median 
line,  they  form  the  right  and  left  hemispheres,  separated  by  the  longi- 
tudinal fissure.  A similar  process  of  growth  in  the  spinal  cord  results 
in  the  formation  of  its  two  lateral  halves,  and  the  anterior  and  posterior 
median  fissures  of  the  cord.  Elsewhere  the  median  fissure  is  less  com- 
plete, as,  for  example,  between  the  two  lateral  halves  of  the  cerebellum 
or  those1  of  the  medulla  oblongata ; but  it  exists  everywhere,  and  marks 
more  or  less  distinctly  the  division  between  the  two  sides  of  the  nervous 
centres,  produced  by  the  excessive  growth  of  their  lateral  portions.  In 
this  way  the  whole  cerebro-spinal  axis  is  converted  into  a double  organ, 
equally  developed  upon  the  right  and  left  sides,  and  partially  divided 
b\r  longitudinal  median  fissures. 

Organs  of  Special  Sense.— The  eyes  are  formed  by  a diverticulum 
which  grows  out  on  each  side  from  the  first  cerebral  vesicle.  This 
diverticulum  is  at  first  hollow,  its  cavity  communicating  with  that  of 
the  hemisphere.  Afterward,  the  passage  between  the  two  is  filled  with 
a deposit  of  nervous  matter,  and  becomes  the  optic  nerve.  The  globular 
portion  of  the  diverticulum,  which  is  converted  into  the  globe  ot  the 
eye,  has  a thin  layer  of  nervous  matter  deposited  upon  its  internal  sur- 
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face,  which  becomes  the  retina ; tlie  rest  of  its  cavity  being  occupied 
by  a gelatinous  substance,  tlie  vitreous  body.  The  crystalline  lens  is 
formed  in  a distinct  follicle,  which  is  an  offshoot  of  the  integument,  and 
becomes  partially  imbedded  in  the  anterior  portion  of  the  eyeball.  The 
cornea  also  is  originally  a part  of  tlie  integument,  and  remains  some- 
what opaque  until  a late  period  of  development.  It  becomes  nearly 
transparent  a short  time  before  birth. 

The  iris  is  a muscular  septum,  formed  in  front  of  the  crystalline  lens. 
Its  central  opening,  which  afterward  becomes  the  pupil, is  at  first  closed 
b}^  a vascular  membrane,  the  pupillary  membrane , passing  across  the 
axis  of  the  eye.  The  bloodvessels  of  this  membrane,  which  are  derived 
from  those  of  the  iris,  subsequently  become  atrophied.  They  disappear 
first  from  its  centre,  and  recede  gradually  toward  its  circumference; 
returning  upon  themselves  in  loops,  the  convexities  of  which  are  directed 
toward  the  centre.  The  pupillary  membrane  itself  finally  becomes  atro- 
phied, following  in  this  retrograde  process  the  direction  of  its  receding 
bloodvessels,  namely,  from  the  centre  outward.  It  has  completely  dis- 
appeared by  the  end  of  the  seventh  month.  (Cruveilhier.) 

The  e3’elids  are  formed  by  folds  of  the  integument,  which  project 
from  above  and  below  at  the  situation  of  the  eyeball.  They  grow  so 
rapidly  during  the  second  and  third  months  that  their  free  margins 
come  in  contact  and  adhere  together,  so  that  at  that  time  they  cannot 
be  separated  without  some  violence.  They  remain  adherent  from  this 
pei’iod  until  the  seventh  month  (Guy),  when  their  margins  separate  and 
they  become  free  and  movable.  In  carnivorous  animals  (dogs  and  cats), 
the  eyelids  do  not  separate  from  each  other  until  eight  or  ten  days  after 
birth. 

The  internal  ear  is  formed  in  a somewhat  similar  manner  with  the 
eyeball,  by  an  offshoot  from  the  third  cerebral  vesicle ; the  passage 
between  them  filling  up  by  a deposit  of  white  substance,  which  becomes 
the  auditory  nerve.  The  tympanum  and  auditory  meatus  are  both 
offshoots  from  the  external  integument. 

Skeleton  and  Limbs At  a very  early  period  of  development  there 

appears,  immediately  beneath  the  medullary  canal,  a cylindrical  cord, 
termed  the  chorda  dorsalis  (page  T25).  It  consists  of  a tubular  sheath 
containing  a mass  cf  simple  cells,  closety  packed  together  and  united 
by  adhesive  material.  It  does  not  become  a permanent  part  of  the 
skeleton,  but  is  a temporary  organ  destined  to  disappear  as  development 
proceeds. 

On  each  side  of  the  chorda  dorsalis  there  is  formed  a series  of  rec- 
tangular plates,  the  “ primitive  vertebrae,”  a portion  of  whose  substance 
is  devoted  to  the  formation  of  muscular  tissue,  while  another  portion 
becomes  the  basis  for  the  permanent  vertebrae.  The  latter  are  de- 
posited in  the  form  of  cartilaginous  plates,  which  encircle  the  chorda 
dorsalis  in  a series  of  rings,  corresponding  in  number  with  the  bodies 
of  the  future  vertebrae.  The  rings  increase  in  thickness  from  without 
inward,  encroaching  upon  the  substance  of  the  chorda  dorsalis,,  and 
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finally  taking  its  place  altogether.  The  thickened  rings,  thus  solidified 
by  cartilaginous  deposit,  become  the  bodies  ot  the  vertebrae  ; while  theii 
transverse  and  articulating  processes,  with  the  laminae  and  spinous  pro- 
cesses, are  formed  by  outgrowths  from  the  bodies  in  various  directions. 

When  the  union  of  the  dorsal  plates  upon  the  median  line  fails  to 
take  place,  the  spinal  canal  remains  open  at  that  situation,  and  presents 
the  malformation  known  as  spina  bifida.  This  may  consist  simply  in 
a fissure  of  the  spinal  canal,  more  or  less  extensive,  in  which  case  it 
may  sometimes  be  cured,  or  may  even  close  spontaneously  ; or  it  may 
be  complicated  with  either  an  imperfect  development  or  complete  absence 
of  the  spinal  cord  at  the  same  spot,  producing  permanent  paralysis  of 
the  lower  extremities. 

The  entire  skeleton  is  at  first  cartilaginous.  The  first  points  of  ossifi- 
cation show  themselves  about  the  beginning  of  the  second  month,  almost 
simultaneously  in  the  clavicle  and  the  lower  jaw.  Then  come,  in  the 
following  order,  the  femur,  humerus,  and  tibia,  the  superior  maxilla,  the 
bodies  of  the  vertebrae,  the  ribs,  the  vault  of  the  cranium,  the  scapula 
and  the  pelvis,  the  metacarpus  and  metatarsus,  and  the  phalanges  of  the 
fingers  and  toes.  The  bones  of  the  carpus  are  all  cartilaginous  at  birth, 
and  do  not  begin  to  ossify  until  a year  afterward.  According  to  C-ru- 
veilhier,  the  calcaneum,  the  cuboid,  and  sometimes  the  astragalus,  begin 
their  ossification  during  the  latter  periods  of  foetal  life,  but  the  remainder 
of  the  tarsus  is  cartilaginous  at  birth.  The  lower  extremity  of  the 
femur,  according  to  the  same  authority,  shows  a point  of  ossification  at 
birth  ; all  the  other  extremities  of  the  long  bones  being  still  in  a carti- 
laginous condition  at  this  time.  The  scaphoid  bone  of  the  tarsus  and 
the  pisiform  bone  of  the  carpus  are  the  last  to  commence  their  ossifica- 
tion, several  years  after  birth.  Nearly  all  the  bones  ossify  from  several 
distinct  points  ; the  ossification  spreading  as  the  cartilage  increases  in 
size,  and  the  various  bony  pieces,  thus  produced,  uniting  with  each 
other  at  a later  period,  usually  some  time  after  birth. 

The  limbs  appear  by  a budding  process,  as  offshoots  of  the  external 
blastodermic  layer.  They  are  at  first  mere  rounded  elevations,  without 
any  separation  between  the  fingers  and  toes,  or  any  distinction  between 
the  different  articulations.  Subsequently  the  free  extremity  of  each 
limb  becomes  divided  into  the  phalanges  of  the  fingers  or  toes;  and 
afterward  the  articulations  of  the  wrist  and  ankle,  knee  and  elbow, 
shoulder  and  hip,  appear  successively  from  below  upward. 

The  lower  limbs  in  man  are  less  rapid  in  development  than  the  upper. 
Both  the  legs  and  the  pelvis  are  very  slightly  developed  in  the  early 
periods  of  growth,  as  compared  with  the  spinal  column,  to  which  they 
are  attached.  The  inferior  extremity  of  the  spinal  column,  formed  by 
the  sacrum  and  coccyx,  projects  at  first  beyond  the  pelvis,  forming  a 
tail,  which  is  curled  forward  toward  the  adbomen,  and  terminates  in  a 
pointed  extremity.  The  entire  lower  half  of  the  body,  with  the  spinal 
column  and  appendages,  is  also  twisted,  from  left  to  right ; so  that  the 
pelvis  is  not  only  curled  forward,  but  also  faces  at  right  angles  to  the 
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direction  of  the  head  and  upper  part  of  the  body.  Subsequently  the 
spinal  column  becomes  straighter  and  loses  its  twisted  form.  At  the 

same  time  the  pelvis  and  the  muscular  parts 
seated  upon  it  grow  so  much  faster  than  the 
sacrum  and  coccyx,  that  the  latter  become, 
concealed  under  the  adjoining  soft  parts, 
and  the  rudimentary  tail  disappears. 

The  integument,  of  the  embryo  is  at  first 
thin,  vascular,  and  transparent.  It  after- 
ward becomes  thicker,  more  opaque,  and 
whitish  in  color.  Even  at  birth,  however, 
it  is  considerably  more  vascular  than  in  the 
adult  condition,  and  its  ruddy  color,  due  to 
its  transparency  and  the  abundance  of  its 
capillary  bloodvessels,  is  strongly  marked. 
The  hairs  begin  to  appear  about  the  middle 
of  intra-uterine  life;  showing  themselves 
first  upon  the  eyebrows,  afterward  upon  the 
scalp,  trunk  and  extremities.  The  nails  are 
in  process  of  formation  from  the  third  to 
the  fifth  month  ; and,  according  to  Kolliker, 
are  covered  with  a laj-er  of  epidermis  until  after  the  latter  period.  The 
sebaceous  matter  of  the  cutaneous  glandules  accumulates  upon  the  skin 
after  the  sixth  month,  and  forms  a whitish,  semi-solid,  oleaginous  layer, 
the  vernix  caxeoaa,  which  is  most  abundant  in  the  flexures  of  the  joints, 
between  the  folds  of  the  integument,  behind  the  ears,  and  upon  the  scalp. 


Fig.  286. 


Human  Embryo,  about  one 
month  old.  Showing  the  large 
size  of  the  head  and  upper  parts 
of  the  body;  the  twisted  form  of 
the  spinal  column  ; the  rudiment- 
ary condition  of  the  upper  and 
lower  extremities  ; and  the  rudi- 
mentary tail  at  the  end  of  the 
spinal  column. 
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The  intestinal  canal  is  formed,  as  already  described  (page  726),  from 
the  internal  blastodermic  layer  which  curves  downward  and  inward  on 
each  side,  and  is  thus  converted  into  a cylindrical  tube,  terminating  at 
each  extremity  in  a cul-de-sac,  and  inclosed  by  the  external  blastodermic 
layer  The  abdominal  walls  do  not  unite  with  each  other  upon  the 
median  line  until  after  the  formation  of  the  intestinal  canal ; so  that, 
during  a certain  period,  the  abdomen  of  the  embryo  is  widely  open  m 
front,  presenting  a long  oval  excavation,  in  which  the  intestinal  tube  is 
situated,  running  from  its  anterior  to  its  posterior  extremity.  _ 

Stomach  and  Intestine.- The  formation  of  the  stomach  takes  place  in 
the  following  manner:  The  alimentary  canal,  originally  straight,  soon 
presents  two  lateral  curvatures  at  the  upper  part  of  the  abdomen ; the 
first  to  the  left,  the  second  to  the  right.  The  first  of  these  curvatures 
becomes  expanded  into  a wide  sac,  projecting  laterally  from  the  median 
line  into  the  left  hypochondrium,  forming  the  great  pouch  of  the 
stomach.  The  second  curvature,  directed  to  the  right,  marks  e 
boundary  between  the  stomach  and  the  duodenum;  and  the  tube  at 
that  point,  becoming  constricted  and  furnished  with  an  unusually  thick 
circular  layer  of  muscular  fibres,  is  converted  into  the  pylorus  Im- 
mediately below  the  pylorus,  the  duodenum  turns  to  the  left;  and  these 


curvatures,  increasing  in  num- 
ber and  complexity,  form  the  con- 
volutions of  the  small  intestine. 
The  large  intestine  assumes  a 
spiral  curvature ; ascending  on 
the  right  side,  then  crossing 
over  to  the  left  as  the  transverse 
colon,  and  again  descending  on 
the  left  side,  to  terminate  by  the 
sigmoid  flexure  in  the  rectum. 

The  curvatures  of  the  intes- 
tinal canal,  which  take  place  in 
an  antero-posterior,  as  well  as  in 
a lateral  direction,  may  be  best 
studied  in  a profile  view,  as  in 
Fig.  287.  The  abdominal  walls 
are  here  still  imperfectly  closed, 


Fig.  287. 


Formation  of  the  Alimentary  Canal. — 
a,  b.  Commencement  of  amnion,  c,  c.  Intestine. 
d.  Pharynx,  e.  Urinary  bladder,  f Allantois 
or  chorion,  g.  Umbilical  \ esicle. 
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leaving  a wide  opening  at  a,  b , where  the  integument  of  the  foetus  is 
continuous  with  the  commencement  of  the  amniotie  membrane.  The 
intestine  makes  at  first  a single  angular  turn  forward,  and  opposite  the 
most  prominent  portion  of  this  angle  is  to  be  seen  the  stem  of  the  um- 
bilical vesicle  ( g ).  A short  distance  below  this  point  the  intestine  sub- 
sequently enlarges  in  calibre,  and  the  situation  of  this  enlargement 
marks  the  commencement  of  the  colon.  The  two  portions  of  the  intes- 
tine, after  this  period,  become  widely  different  from  each  other.  The 
upper  portion,  which  is  the  small  intestine,  grows  most  actively  in 
the  direction  of  its  length,  and  becomes  a long,  narrow,  convoluted 
tube;  while  the  lower  portion,  which  is  the  large  intestine,  increases 
rapidly  in  diameter,  but  elongates  less  than  the  former.  The  rectum  is 
the  part  of  the  large  intestine  which  alters  least  its  form  and  position. 
It  elongates  comparatively  little,  retains  its  position  for  the  most  part 
upon  the  median  line,  and  as  its  name  indicates,  continues  to  follow  a 
nearly  straight  course;  presenting  only  a moderate  antero-posterior 
curvature  corresponding  with  the  hollow  of  the  sacrum,  and  a slight 
lateral  obliquity,  from  its  upper  portion  which  is  placed  a little  toward 
the  left,  to  the  anus  which  is  situated  upon  the  median  line.  At  first 
forming  the  blind  extremity  of  the  large  intestine,  it  subsequently^  com- 
municates with  the  exterior  by  a perforation  which  becomes  the  anus. 
In  the  chick-embryo,  according  to  Burdach,1  the  perforation  of  the  anus 
appears  on  the  fifth  day  of  incubation  ; in  the  human  embiyo  it  is 
formed  during  the  seventh  week.  In  certain  instances,  this  opening 
fails  to  take  place,  and  the  rectum  is  still  closed  at  birth;  presenting 
the  malformation  known  as  imperforate  anus,  if  the  rectum  be  other- 
wise fully  developed,  it  mayr  sometimes  be  felt,  distended  with  meconium, 
immediately  under  the  integument;  and  an  artificial  opening  may  be 
successfully  made  by  an  incision  at  the  anal  region.  In  other  cases, 
there  is  also  a deficiency,  more  or  less  extensive,  of  the  rectum  itself, 
the  large  intestine  terminating  in  the  upper  portion  of  the  pelvic  cavity. 

At  the  point  of  junction  between  the  small  and  the  large  intestine,  a 
lateral  diverticulum  of  the  latter  6hows  itself,  and  increases  in  extent, 
until  the  ileum  seems  at  last  to  be  inserted  obliquely  into  the  side  of  the 
colon.  The  diverticulum  of  the  colon  is  at  first  conical  in  shape  ; but 
afterward  that  portion  which  forms  its  free  extremity  becomes  narrow, 
elongated,  and  sometimes  twisted  upon  itself,  forming  the  appendix 
vermiformis  ; while  the  remaining  portion,  which  is  continuous  with  the 
intestine,  becomes  exceedingly  enlarged,  and  forms  the  caput  coli. 

The  caput  coli  and  the  appendix  vermiformis  are  at  first  situated  near 
the  umbilicus;  but  between  the  fourth  and  fifth  months  (Cruveilhier) 
their  position  is  altered,  and  they  become  fixed  in  the  right  iliac  region. 
During  the  first  six  months  the  internal  surface  of  the  small  intestine  is 
smooth.  At  the  seventh  month,  the  valvulre  conniventes  begin  to  ap- 
pear, after  which  they  increase  slowlyr  in  size,  but  are  still  comparatively 

1 Trait6  de  Physiologie,  traduit  par  Jourdan.  Paris,  1838,  tome  iii.  pp.  274,  468. 
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Fig-.  288. 


undeveloped  at  the  time  of  birth.  The  division  of  the  eolon  into  sacculi 
by  longitudinal  and  transverse  bands,  is  also  an  appearance  which  pre- 
sents itself  only  during  the  last  half  of  foetal  life.  Previous  to  that 
time,  the  colon  is  smooth  and  cylindrical,  like  the  small  intestine. 

After  the  small  intestine  is  formed,  it  increases  rapidly  in  length.  It 
grows,  at  this  time,  faster  than  the  walls  of  the  abdomen  ; so  that  it 
can  no  longer  be  contained  in  the  abdominal 
cavity,  but  protrudes,  under  the  form  of  an 
intestinal  loop,  or  hernia,  from  the  umbilical 
opening.  (Fig.  288.)  In  the  human  em- 
bryo, this  protrusion  of  the  intestine  can  be 
readily  seen  during  the  latter  part  of  the 
second  month.  At  a subsequent  period, 
the  walls  of  the  abdomen  grow  more  rapidly 
than  the  intestine;  and,  gradually  envelop- 
ing the  hernial  protrusion,  at  last  reinclose 
it  in  the  cavity  of  the  abdomen. 

Owing  to  imperfect  development  of  the 
abdominal  walls,  and  incomplete  closure  of 


the  umbilicus,  the  intestinal  protrusion, 


Fcetal  Pin,  shmvingthe  pro. 
trading  loop  of  intestine,  forming 
umbilical  hernia;  from  a speci- 
men in  the  author’s  possession. 
From  the  convexity  of  the  loop  a 
thin  filament  is  seen  passing  to 
the  umbilical  vesicle,  which,  in 
the  pig,  has  a flattened,  leaf-like 
form. 


which  is  normal  during  the  early  stages  of 
fatal  life,  sometimes  remains  at  birth,  and 
thus  produces  congenital  umbilical  hernia. 

As  the  parts  at  this  time  have  a natural 
tendency  to  unite  with  each  other,  if  the 
hernial  protrusion  be  returned  within  the  abdomen,  and  retained  by 
simple  pressure  for  a sufficient  period,  the  defect  is  usually  remedied, 
and  a permanent  cure  effected.  The  conditions  are  different  in  a hernia 
in  the  adult,  where  it  is  due  to  pressure  from  within,  and  a gradual 
yielding  of  the  fibrous  tissues.  As  the  natural  period  for  the  closure 
of  the  abdominal  orifices  has  passed,  the  intestine  may  be  retained 
within  the  abdomen,  in  such  cases,  by  mechanical  means,  but  usually 
escapes  again  when  the  pressure  is  taken  off.  / 

The  contents  of  the  intestine , which  accumulate  during  fatal  life,  vary 
in  different  parts  of  the  alimentary  canal.  In  the  small  intestine  they 
are  semifluid  in  consistency,  of  a light  yellowish  or  grayish-white  color 
in  the  duodenum,  yellow,  reddish-brown,  and  greenish-brown  below.  In 
the  large  intestine  they  are  dark  greenish  and  pasty  in  consistency  ; 
and  the  contents  of  this  portion  of  the  alimentary  canal  have  received 
the  name  of  meconium , from  their  resemblance  to  inspissated  poppy- 
juice.  The  meconium  contains  a large  quantity  of  fat,  as  well  as  various 
insoluble  substances,  probably  the  residue  of  epithelial  and  mucous 
accumulations.  It  does  not  exhibit  any  trace  of  the  biliary  substances 
proper  (taurocholates  and  glycocholates)  when  examined  by  Petteru- 
kofer’s  test;  and  cannot  therefore  be  regarded  as  resulting  from  tine 
accumulation  of  bile.  In  the  contents  of  the  small  intestine,  on  the 
contrary,  according  to  Lehmann,  slight  traces  of  bile  may  be  found,  as 
50 
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early  as  between  the  fifth  and  sixth  months.  We  have  found  distinct 
traces  of  bile  in  the  small  intestine  at  birth,  but  it  is  even  then  in  ex- 
tremely small  quantity,  and  is  sometimes  altogether  absent. 

The  meconium,  therefore,  and  the  intestinal  contents  generally,  are 
not  composed  principally,  or  even  to  any  measurable  extent,  of  the 
secretions  of  the  liver.  They  appear  rather  to  be  derived  from  the 
mucous  membrane  of  the  intestine.  Even  their  yellowish  and  greenish 
color  does  not  depend  on  the  presence  of  bile,  since  the  yellow  color 
first  shows  itself  about  the  middle  of  the  small  intestine,  and  not  at  its 
upper  extremity.  The  material  which  afterward  accumulates  appears 
to  extend  from  this  point  upward  and  downward,  gradually  filling  the 
intestine,  and  becoming,  in  the  ileum  and  large  intestine,  darker  colored 
and  more  pasty  as  gestation  advances. 

It  is,  perhaps,  of  some  importance  in  this  connection,  that  the  amni- 
otic  fluid,  during  the  latter  half  of  foetal  life,  finds  its  way,  in  greater  or 
less  abundance,  into  the  stomach,  and  through  that  into  the  intestinal 
canal.  Small  cheesy-looking  masses  are  sometimes  to  be  found  at  birth 
in  the  fluid  contained  in  the  stomach,  which  are  seen  on  microscopic 
examination  to  be  portions  of  the  vernix  caseosa  exfoliated  from  the 
skin  into  the  amniotic  cavity,  and  afterward  introduced  through  the 
oesophagus  into  the  stomach.  According  to  Kolliker,  the  downy  haiis 
of  the  foetus,  exfoliated  from  the  skin,  are  often  swallowed  in  the  same 


way,  and  may  be  found  in  the  meconium. 

The  gastric  juice  is  not  secreted  before  birth ; the  contents  of  the 
stomach  being  generally  in  small  quantity,  clear,  nearly  colorless,  and 
neutral  or  alkaline  in  reaction. 

Liver. The  liver  is  developed  at  a very  early  period.  Its  size  in 

proportion  to  that  of  the  entire  body  is  much  greater  in  the  early 
months  than  at  birth  or  in  the  adult  condition.  In  the  foetal  pig  we 
have  found  the  relative  size  of  the  liver  greatest  within  the  first  month, 
when  it  amounts  to  nearly  12  per  cent  of  the  entire  weight  of  the  body. 
Afterward  it  grows  less  rapidly  than  other  parts,  and  its  relative 
weight  diminishes  successively  to  10  per  cent,  and  6 per. cent.;  being 
reduced  before  birth  to  3 or  4 per  cent.  In  man,  also,  the  weight  of 
the  liver  at  birth  is  between  3 and  4 per  cent,  of  that  of  the  entire 

The  glycogenic  function  of  the  liver  commences  during  foetal  life, 
and  at  birth  the  tissue  of  the  organ  is  abundantly  saccharine.  In  the 
early  periods  of  gestation,  however,  sugar  is  produced  in  the  foetus  from 
other  sources  than  the  liver.  In  very  young  fetuses  of  the  pig,  both 
the  allantoic  and  amniotic  fluids  are  saccharine  a considerable  time 
before  glucose  makes  its  appearance  in  the  liver.  Even  the  urine,  m 
half-grown  foetal  pigs,  contains  an  appreciable  quantity  of  sugar,  and 
the  young  animal  is  normally,  at  this  period,  in  a diabetic  condition 
The  (ducose  disappears  before  birth,  as  shown  by  Bernard,  from  both 


• Lemons  de  Physiologie  Experimental.  Paris,  1855,  p.  398. 
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the  urine  and  the  amniotic  fluid ; while  the  liver  begins  to  produce  the 
saccharine  substance  which  it  contains  after  birth. 

Lungs , Thoracic  Cavity , and  Diaphragm. — The  anterior  portion  of 
the  alimentary  canal,  which  occupies  the  region  of  the  neck,  is  the 
oesophagus.  It  is  straight,  and,  at  first,  very  short ; but  it  subsequently 
increases  in  length,  simultaneously  with  the  growth  of  the  neighboring 
parts.  As  the  oesophagus  lengthens,  the  lungs  begin  to  be  developed 
by  a protrusion  from  the  anterior  portion  of  the  oesophagus,  represent- 
ing the  commencement  of  the  trachea.  This  protrusion  soon  divides 
into  two  symmetrical  branches,  which  themselves  elongate  and  become 
repeatedly  subdivided,  forming  the  bronchial  tubes  and  their  ramifica- 
tions. At  first,  the  lungs  project  into  the  upper  part  of  the  abdominal 
cavity ; for  there  is  still  no  distinction  between  the  chest  and  abdomen. 
Afterward,  a horizontal  partition  begins  to  form  on  each  side,  at  the 
level  of  the  base  of  the  lungs,  which  gradually  closes  together  to  form 
the  diaphragm,  and  which  finally  shuts  off  the  cavity  of  the  chest  from 
that  of  the  abdomen.  Before  the  closure  of  the  diaphragm  is  com- 
plete, an  opening  exists  by  which  the  peritoneal  and  pleural  cavities 
communicate  with  each  other.  In  some  instances  the  development  of 
the  diaphragm  is  arrested  at  this  point,  either  on  one  side  or  the  other, 
and  the  opening  remains  permanent.  The  abdominal  organs  then  par- 
tially protrude  into  the  cavity  of  the  chest  on  that  side,  forming  con- 
genital diaphragmatic  hernia.  The  lung  on  the  affected  side  usually 
remains  in  a state  of  imperfect  development.  Diaphragmatic  hernia  of 
this  character  is  more  frequently  found  upon  the  left  side  than  upon 
the  right,  and  may  sometimes  continue  until  adult  life  without  causing 
serious  inconvenience. 

Urinary  Bladder  and  Urethra.— Soon  after  the  formation  of  the 
intestine  a vascular  outgrowth  takes  place  from  its  posterior  portion, 
which  gradually  protrudes  from  the  open  walls  of  the  abdomen,  until  it 
comes  in  contact  with  the  external  investing  membrane  of  the  egg 
(Fig.  287,/);  forming  subsequently,  by  its  continued  growth  and  ex- 
pansion, the  allantois  in  the  lower  animals,  the  chorion  in  man. 

The  chorion,  in  the  portion  immediately  connected  with  the  body  of 
the  embryo,  has,  like  the  allantois,  the  form  of  a hollow  canal ; but  as 
it  spreads  out,  to  constitute  the  external  investment  of  the  egg,  it  takes 
the  shape  of  a continuous  membrane,  forming  the  chorion  proper 
(p.  746).  The  tubular  cavity  of  its  connecting  portion,  the  umbilical 
cord,  subsequently  becomes  obliterated  ; the  obliteration  commencing 
at  its  outer  extremity  and  .gradually  proceeding  inward  until  it  reaches 
the  umbilicus.  Inside  the  umbilicus  it  still  proceeds  for  a certain  dis- 
tance and  then  ceases.  Thus  the  original  protrusion  of  the  intestinal 
canal  within  the  abdomen,  which  gave  rise  to  the  allantois  and  the  cho- 
rion, is  divided  into  two  portions.  The  first  portion,  or  that  imme- 
diately connected  with  the  intestine,  remains  hollow,  and  forms  after- 
ward the  urinary  bladder.  The  second  portion,  between  the  urinary 
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bladder  and  the  umbilicus,  is  consolidated  into  a rounded  cord,  which 
is  termed  the  urachus. 

The  urinary  bladder  is  at  first,  accordingly,  a pyriform  sac  (Fig. 
281  e),  communicating  at  its  base  with  the  lower  portion  of  the  intes- 
tinal canal,  and  continuous  by  its  superior  pointed  extremity  with  the 
solid  cord  of  the  urachus,  by  means  of  which  it  is  attached  to  the  inter- 
nal surface  of  the  abdominal  walls  at  the  situation  of  the  umbilicus. 
Afterward,  the  bladder  loses  this  conical  form,  and  its  superior  fundus 
becomes  in  the  adult  rounded  and  bulging. 

Development  of  the  Mouth  and  Face. — lhe  intestinal  canal  is  at  fiist 
a cylindrical  tube,  closed  at  its  anterior  as  well  as  at  its  posterior 
extremity.  In  the  region  of  the  abdomen,  which  in  the  earliest  periods 
of  development  constitutes  nearly  the  whole  length  of  the  body,  the 
blastoderm  separates,  as  previously  described  (p.  735),  into  two  laminae, 
an  outer  and  an  inner.  The  outer  lamina,  consisting  ot  the  external 
integument  and  the  subjacent  voluntary  muscles,  forms  the  parietes  of 
the  abdomen.  The  inner  lamina  forms  the  mucous  membrane  of  the 
alimentary  canal,  with  its  covering  of  involuntary  muscular  fibres. 
Owing  to  the  separation  of  these  two  laminae,  there  is  formed  the  peri- 
toneal cavity,  between  the  intestine  on  the  one  side  and  the  abdominal 
walls  on  the  other. 

But  in  the  anterior  part  of  the  body  of  the  embryo,  this  sepaiation 
between  the  two  laminae  of  the  blastoderm  does  not  take  place.  Con- 
sequently, the  corresponding  portion  of  the  alimentary  canal,  namelj , 
the  oesophagus,  remains  in  contact  with  the  surrounding  parts;  and  its 
anterior  rounded  extremity,  the  pharynx  (Fig.  287,  d ),  lies  immediately 
underneath  the  head,  covered  in  front  only  by  the  tissues  of  the  external 
blastodermic  layer. 

At  this  time  there  are  formed,  on  the  sides  and  front  of  the  neck,  four 
nearly  transverse  fissures,  the  cervical  fissures,  leading  from  the  exte- 
rior into  the  cavity  of  the  pharynx.  These  fissures,  or  clefts,  are  analo- 
gous to  those  which  exist  permanently  at  the  same  situation  in  fishes, 
where  the  gills  are  located,  and  by  which  the  water,  taken  in  at  the 
mouth,  is  expelled  through  the  sides  of  the  neck.  But  in  the  mamma- 
lian embryo  they  have  only  a temporary  existence  as  continuous  open- 
ings. The  three  lower  fissures  disappear  entirely  by  the  subsequent 
adhesion  of  their  adjacent  edges ; and  in  the  chick,  according  to  Foster 
and  Balfour,  are  completely  closed  by  the  seventh  day  of  incubation. 
The  upper  fissure  is  converted  into  a narrow  canal,  leading  from  the 
exterior  into  the  pharynx,  but  closed  about  its  middle  by  a transverse 
partition.  The  outer  portion  of  this  canal  becomes  the  external  audi- 
tory meatus ; the  inner  portion,  the  Eustachian  tube.  The  tiansveise 

partition  is  the  membrana  tympani. 

The  cervical  fissures  in  man  are  especially  connected  with  the  forma- 
tion of  the  mouth  and  face.  Between  the  fissures  theie  aie,  of  course, 
bands  or  ridges  of  solid  tissue,  belonging  to  the  external  lamina  of  the 
blastoderm  ; and  these  bands,  especially  the  upper,  increase  in  growth  to 
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such  an  extent  that  they  become  more  or  less  prominent  folds,  and  have 
received  the  name  of  the  “ visceral  folds.”  The  first  visceral  fold  grows 
rapidly  forward,  and  divides  into  two  somewhat  diverging  processes  or 
offshoots,  which  continue  to  become  more  and  more  prominent.  The 
corresponding  processes  from  the  right  and  left  sides  tend  to  approach 
each  other,  and  to  unite  upon  the  median  line.  Those  of  the  lower  pair 
do  so  unite,  and  thus  form  the  inferior  maxilla.  Those  of  the  upper 
pair,  which  form  the  superior  maxilla , unite,  not  with  each  other,  but 
with  an  intervening  process  which  grows  from  above  downward,  upon 
the  median  line,  between  them. 

By  this  growth  of  folds  or  processes  in  an  anterior  direction,  and  by 
their  union,  above  and  below,  upon  the  median  line,  there  is  included 
between  them  a depressed  space,  lined  with  a continuation  of  the  exter- 
nal blastodermic  layer,  and  situated  immediately  in  front  of  the  extremity 
of  the  pharynx.  This  excavation  is  the  cavity  of  the  mouth , inclosed 
on  each  side  by  the  processes. of  the  superior  and  inferior  maxillae,  widely 
open  in  front,  but  terminating  at  its  bottom  by  a blind  pit ; there  being 
as  yet  no  communication  between  it  and  the  interior. 

Subsequently  an  opening  is  formed  between  the  bottom  or  back  part 
of  the  mouth  and  the  cavity  of  the  pharynx,  by  a perforation  through 
the  substance  of  both  blastodermic  layers  at  that  point.  This  perfora- 
tion takes  place  in  the  human  embryo,  according  to  Burdach,1  during 
the  sixth  week.  The  opening  thus  formed  marks  the  situation  of  the 
fauces  ; and  the  alimentary  canal  is  thus  made  to  communicate  with 
the  exterior.  The  lining  membrane  of  the  mouth  is  consequently  de- 
rived from  the  external  blastodermic  layer,  is  a continuation  of  the 
external  integument,  and  the  muscles  sur- 
rounding it  are  voluntary  muscles ; while  the 
mucous  membrane  of  the  pharynx  and  oeso- 
phagus is  derived  from  the  internal  blasto- 
dermic layer,  and  is  surrounded  by  involun- 
tary muscles. 

The  completion  of  the  component  parts 
of  the  face  about  the  mouth  is  accomplished 
by  the  continuous  development  of  the  five 
buds  or  processes,  above  described,  which 
grow  together  in  such  a way  as  to  diminish 
the  size  of  the  originally  wide  oral  orifice, 
and  to  modify  its  form  in  various  directions. 

(Fig.  289.)  The  process  which  grows  di- 
rectly downward  in  the  median  line  from  the 
frontal  region,  is  called  the  frontal  or  inter- 
maxillary process,  because  it  afterward  con- 
tains, in  its  lower  extremity,  the  intermaxillary  bones,  with  the  four 
upper  incisor  teeth.  The  superior  maxillary  processes,  coming  from 

1 Trait6  de  Physiologie  ; traduit  par  Jourdan.  Paris,  1838,  tome  iii.  p.  468. 


Fig.  289. 


Homan  Embryo,  about  one 
month  old:  showing  the  growth 
of  the  frontal  process  downward, 
and  that  of  the  superior  and  in- 
ferior maxillary  processes  from 
the  side.  From  a specimen  in  the 
author’s  possession. 
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the  sides,  unite  with  the  intermaxillary  process,  to  form  the  upper  jaw. 
In  quadrupeds  the  intermaxillary  bones,  containing  the  upper  incisor 
teeth,  remain  distinct  from  those  of  the  superior  maxilla,  the  line  of 
demarcation  between  them  being  indicated  by  a suture.  In  man,  as  a 
general  rule,  they  are  consolidated  with  eacli  other,  the  only  permanent 
suture  being  that  on  the  median  line,  between  the  right  and  left  halves 
of  the  upper  jaw.  According  to  Geoffroy  Saint-Hilaire,1  a permanent  line 
of  suture  sometimes  remains  between  the  intermaxillary  and  the  superior 
maxillary  bones. 

The  two  inferior  maxillary  processes  unite  with  each  other,  making 
the  lower  border  of  the  cavity  of  the  mouth,  and  form,  by  their  union 
upon  the  median  line,  the  inferior  maxilla.  In  quadrupeds  the  two 

inferior  maxillary  bones  remain  perma- 
nently divided  by  a median  suture;  but  in 
man  they  are  consolidated  into  a single 
piece  during  the  first  year  after  birth. 

As  the  intermaxillary  process  grows 
from  above  downward,  it  becomes  double 
at  its  lower  extremity,  and  at  the  same 
time  gives  origin  to  two  lateral  offshoots, 
which  curl  round  and  inclose  two  circular 
orifices,  the  anterior  nares  (Fig.  290);  the 
offshoots  themselves  becoming  the  alse 
nasi.  The  external  border  of  the  ala  nasi 
subsequently  adheres  to  the  superior  maxil- 
lary process,  leaving  only  a curved  crease 
or  furrow  at  the  side  of  the  nose,  which 
marks  the  line  of  union  between  them.  In  many  of  the  quadrupeds, 
this  furrow  remains  partially  open,  extending,  as  a curvilinear  cleft,  out- 
ward and  upward  from  the  orifice  of  the  nostril. 

The  mouth  at  this  time  is  wide  and  gap- 
ing, owing  to  the  incomplete  development 
of  the  upper  and  lower  jaw  and  the  com- 
parative insufficiency  of  the  lips  and 
cheeks.  The  soft  parts  afterward  increase 
in  growth,  and  thus  gradually  diminish 
the  size  of  the  oral  orifice  (Fig.  291).  The 
lips  and  cheeks  arise  by  folds  of  the  in- 
tegument and  subjacent  muscular  layers, 
which,  projecting  respectively  from  above 
downward,  from  below  upward,  and  from 
behind  forward,  form  the  permanent  bor- 
ders of  the  opening  of  the  mouth.  The 
upper  lip  in  man  presents  a median  furrow, 
bordered  by  two  slightly  elevated  ridges, 


Fig.  291. 


Hisad  or  Human  Embryo, 
about  the  end  of  the  second  month. 
—From  a specimen  in  the  author’s 
possession. 


Fig.  290. 


Head  or  Human  Embryo 
at  about  the  sixth  week.  From  a 
specimen  in  the  author’s  possession. 


1 Histoire  des  Anomalies  de  [’Organization.  Paris,  1832,  tome  i.  p.  581. 
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corresponding  with  the  union  of  the  superior  maxillary  and  the  inter- 
maxillary processes.  The  lower  lip,  like  the  inferior  maxilla,  is  com- 
pletely consolidated  upon  the  median  line,  and  usually  shows  no  trace 
of  its  double  origin. 

In  some  instances,  the  superior  maxillary  and  the  intermaxillary 
processes  fail  to  unite  with  each  other,  giving  rise  to  the  malformation 
known  as  hare-lip.  The  fissure,  in  cases  of  hare-lip,  is  consequently 
situated,  as  a general  rule,  not  in  the  median  line,  but  a little  to  one 
side  of  it,  corresponding  with  the  outer  edge  of  the  intermaxillary  pro- 
cess. Sometimes  the  same  deficiency  exists  on  both  sides,  forming 
u double  hare-lip  in  which  case,  if  the  fissure  extend  through  the  bony 
structures,  the  central  piece  of  the  superior  maxilla,  detached  from  the 
remainder,  contains  the  upper  incisor  teeth,  and  corresponds  with  the 
intermaxillary  bone  of  the  lower  animals.  In  one  instance,  observed 
by  Wyman,1  the  fissure  of  hare-lip  was  situated  in  the  median  line,  the 
two  intermaxillary  bones  not  having  united  with  each  other. 

The  eyes  at  an  early  period  are  upon  the  sides  of  the  head  (Fig.  289). 
As  development  proceeds,  they  come  to  be  situated  farther  forward 
(Fi<r.  290),  their  axes  being  divergent  and  directed  obliquely  forward 
and° outward.  At  a still  later  period  they  are  placed  on  the  anterior 
plane  of  the  face  (Fig.  291),  and  have  their  axes  nearly  parallel  and 
looking  directly  forward.  This  change  in  situation  is  effected  by  the 
more  rapid  growth  of  the  posterior  and  lateral  portions  of  the  head, 
which  enlarge  in  such  a manner  as  to  alter  the  relative  position  of  the 
parts  seated  in  front. 

The  palate  is  formed  by  a septum  between  the  mouth  and  nares, 
which  arises  on  each  side  as  a horizontal  offshoot  from  the  superior 
maxilla.  The  two  plates  afterward  unite  upon  the  median  line,  forming 
a complete  partition  between  the  oral  and  nasal  cavities.  The  right 
and  left  nasal  passages  are  separated  from  each  other  by  a vertical 
plate  (vomer),  which  grows  from  above  downward  and  fuses  with  the 
palatal  plates  below.  Fissure  of  the  palate  is  caused  by  a deficiency 
of  one  of  the  horizontal  maxillary  plates.  It  is  accordingly  situated  a 
little  on  one  side  of  the  median  line,  and  is  frequently  associated  with 
hare-lip  and  fissure  of  the  upper  jaw.  The  fissures  of  the  palate  and  of 
the  iaw  are  often  continuous  with  each  other. 

The  anterior  and  posterior  arches  of  the  palate  are  incomplete  tians- 
verse  partitions  which  grow  inward  from  the  sides  of  the  fauces,  subse- 
quently to  the  perforation  of  the  pharynx  and  its  communication  with 
the  oral  cavity.  Owing  to  the  muscular  tissue  which  they  contain,  the 
orifice  of  the  alimentary  canal  thus  becomes  capable  of.  constriction  or 
enlargement,  according  to  its  condition  of  functional  activity. 

* Transactions  of  the  Boston  Society  for  Medical  Improvement,  March  9th,  1863. 


CHAPTER  XVI. 

DEVELOPMENT  OF  THE  WOLFFIAN  BODIES,  KID- 
NEYS, AND  INTERNAL  ORGANS  OF  GENERA- 
TION. 

The  first  trace  of  a urinary  apparatus  in  th^  embryo  consists  of  two 
long,  fusiform  organs,  which  make  their  appearance  in  the  abdomen  at 
a very  early  period,  one  on  each  side  the  spinal  column,  and  which  are 
known  by  the  name  of  the  Wolffian  bodies.  They  are  fully  formed,  in 
the  human  subject,  toward  the  end  of  the  first  month  (Coste),  at  which 
time  they  are  the  largest  organs  in  the  abdomen,  extending  from  just 
below  the  heart,  nearly  to  the  posterior  extremity  of  the  body.  In  the 
fcBtal  pig,  when  thirteen  or  fourteen  millimetres  in  length,  the  Wolffian 

bodies  are  rounded  and  kidney-shaped,  and  oc- 
cupy a large  part  of  the  abdominal  cavity.  Their 
combined  weight  is  at  this  time  a little  over  3 per 
cent,  of  that  of  the  entire  body ; a proportion 
which  is  seven  or  eight  times  as  large  as  that  of 
the  kidneys  in  the  adult  condition.  There  are, 
indeed,  at  this  period  only  three  organs  of  no- 
ticeable size  in  the  abdomen,  namely,  the  liver, 
which  has  begun  to  be  formed  at  the  upper  part 
of  the  abdominal  cavity ; the  intestine,  which  is 
already  somewhat  convoluted,  and  occupies  a 
central  position ; and  the  Wolffian  bodies,  which 
project  on  each  side  the  spinal  column. 

The  Wolffian  bodies,  in  their  intimate  structure, 
closely  resemble  the  adult  kidney.  They  consist 
of  secreting  tubules,  lined  with  epithelium,  run- 
ning transversely  from  the  inner  to  the  outer  edges 
of  the  organs,  and  terminating  at  their  extremities  by  rounded  dilata- 
tions. Into  each  of  these  dilated  extremities  is  received  a globular  coil 
of  capillary  bloodvessels,  or  glomerulus,  similar  to  those  of  the  kidney. 
The  tubules  of  the  Wolffian  body  empty  into  a common  excretory  duct, 
which  leaves  the  organ  at  its  lower  extremity,  and  communicates  with 
the  intestinal  canal,  at  the  point  where  the  diverticulum  of  the  allantois 
is  given  off,  and  where  the  urinary  bladder  is  afterward  to  be  situated. 
The  principal,  distinction  in  structure,  between  the  Wolffian  bodies  and 
the  kidneys,  consists  in  the  size  of  the  tubules  and  of  their  glomeruli ; 
these  elements  being  considerably  larger  in  the  Wolffian  body  than  in 
he  kidney.  In  the  foetal  pig,  when  3^  or  4 centimetres  in  length, 

( 784  ) 


\ 


.Fig.  292. 


Fcetal  Pig,  13  milli- 
metres long;  from  n spe- 
cimen in  the  author’s  pos- 
session.— 1.  Heart.  2.  An- 
terior limb.  3.  Posterior 
limb.  4.  Wolffian  body. 
The  abdominal  walls  have 
been  cut  away,  in  order 
to  show  the  position  of 
the  Wolffian  bodies. 
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at  which  time  both  organs  coexist,  the  diameter  of  the  tubules  of  the 
Wolffian  body  is  0.125  millimetre,  while  in  the  kidney  of  the  same  foetus, 
the  diameter  of  the  tubules  is  only  0.034  millimetre.  The  glomeruli  in 
the  Wolffian  bodies  measure  0.55  millimetre  in  diameter,  while  those  of 
the  kidney  measure  only  0.14  millimetre.  The  Wolffian  bodies  are  there- 
fore urinary  organs,  so  far  as  regards  their  anatomical  structure,  and 
are  sometimes  known  by  the  name  of  the  “ false  kidneys.”  There  is 
little  doubt  that  they  perform,  at  this  early  period,  a function  analogous 
to  that  of  the  kidneys,  and  separate  from  the  blood  of  the  embryo  an 
excrementitious  fluid  which  is  discharged  into  the  cavity  of  the  allantois. 

Subsequently,  the  Wolffian  bodies  increase  for  a time  in  size,  though 
not  so  rapidly  as  the  other  organs.  Their  relative  magnitude  con- 
sequently diminishes.  Still  later,  they  suffer  an  absolute  atrophy,  and 
become  gradually  less  perceptible.  In  the  human  embryo,  they  are 
hardly  to  be  detected  after  the  end  of  the  second  month  (Longet),  and 
in  the  quadrupeds  they  completely  disappear  long  before  birth. 

The  kidneys  are  formed  just  behind  the  Wolffian  bodies,  and  are  at 
first  entirely  concealed  by  them  in  a front  view,  the  kidneys  being  at 
this  time  not  more  than  one-fourth  or  one-fifth  part  the  size  of  the 
Wolffian  bodies.  (Fig.  293.)  The  kidneys 
subsequently  enlarging,  while  the  Wolffian 
bodies  diminish,  the  proportion  between  the 
two  organs  is  reversed;  and  the  Wolffian 
bodies  appear  as  small  rounded  masses,  sit- 
uated on  the  anterior  surface  of  the  kidneys. 

(Figs.  294  and  295).  The  kidneys,  during 
this  period,  grow  more  rapidly  in  an  upward 
than  in  a downward  direction,  so  that  the 
Wolffian  bodies  come  to  be  situated  near 
their  inferior  extremity. 

The  kidneys,  during  the  succeeding  pe- 
riods of  foetal  life,  become  in  turn  very  largely 
developed  in  proportion  to  the  rest  of  the 
internal  organs ; attaining  a size,  in  the  foetal 
pig,  equal  to  more  than  two  per  cent,  in  weight  of  the  entire  body. 
This  proportion  again  diminishes  before  birth,  owing  to  the  increased 
development  of  other  parts.  In  the  human  foetus  at  birth,  the  weight 
of  the  two  kidneys,  taken  together,  is  6 parts  per  thousand  of  that  of 
the  entire  body. 

Internal  Organs  of  Generation. — About  the  same  time  that  the  kid- 
neys are  formed  behind  the  Wolffian  bodies,  two  oval-shaped  organs 
make  their  appearance  in  front,  on  the  inner  side  of  the  W^olffian  bodies 
and  between  them  and  the  spinal  column.  These  bodies  are  the  inter- 
nal organs  of  generation ; namely,  the  testicles  in  the  male,  and  the 
ovaries  in  the  female.  At  first  they  occupy  the  same  situation  and 
present  the  same  appearance,  whether  the  foetus  is  afterward  to  be 
male  or  female.  (Fig.  294.) 


Fi*r.  293. 


Fcetal  Pi  0,3)4  centimetres 
long.  From  a specimen  in  the 
author’s  possession.  — 1.  Wolf- 
fian body.  2.  Kidney. 
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Fig.  294. 


A short  distance  above  the  internal  organs  of  generation  there  com- 
mences, on  each  side,  a narrow  tube  which  runs  from  above  downward 

along  the  anterior  border  of  the  Wolffian  body, 
immediately  in  front  of,  and  parallel  with 
the  excretory  duct  of  this  organ.  The  two 
tubes  then  approach  each  other  below  ; and, 
joining  upon  the  median  line,  einpt}r,  together 
with  the  ducts  of  the  Wolffian  bodies,  into 
the  base  of  the  allantois,  or  what  will  after- 
ward be  the  urinary  bladder.  These  tubes 
serve  as  the  excretory  ducts  of  the  internal 
organs  of  generation  ; and  will  afterward  be- 
come the  vasa  deferentia  in  the  male,  and 
the  Fallopian  tubes  in  the  female.  Accord- 
ing to  Coste,  the  vasa  deferentia  at  an  early 
period  are  disconnected  with  the  testicles ; 
and  originate,  like  the  Fallopian  tubes,  by 
free  exti’emities,  presenting  each  an  open 
orifice.  Afterward  the  vasa  deferentia  be- 
come adherent  to  the  testicles,  and  establish 
a communication  with  the  tubuli  seminiferi.  In  the  female,  the  Fallo- 
pian tubes  remain  permanently  disconnected  with  the  ovaries,  except  b}r 
the  edge  of  the  fimbriated  extremity;  which  in  many  of  the  lower  ani- 
mals becomes  closely  adherent  to  the  ovary,  and  envelops  it  more  or 


Internal  Organs  op 
Generation,  in  a fetal  pig 
centimetres  long.  From  a 
specimen  in  the  author’s  pos- 
session. — 1,  1.  Kidneys.  2,  2. 
Wolffian  bodies.  3,3  Internal 
organs  of  generation  ; testicles 
or  ovaries.  4 Urinary  bladder 
turned  over  in  front.  6.  Intes- 
tine. 


less  completely  in  a distinct  sac. 

Male  Organs  of  Generation  ; Descent  of  the  Testicles. — In  the  male 
foetus  there  now  commences  a change  of  place  in  the  internal  organs 
of  generation,  which  is  known  as  the  u descent  of  the  testicles.”  Ip 
consequence  of  this  change,  the  testicles,  which  are  at  first  placed 
near  the  middle  of  the  abdomen  and  in  front  of  the  kidneys,  come  at 
last  to  be  situated  in  the  scrotum,  outside  and  below  the  abdominal 
cavity.  They  also  become  inclosed  in  a distinct  serous  sac,  the  tunica 
vaginalis  testis.  This  apparent  movement  of  the  testicles  is  accom- 
plished in  the  same  manner  as  that  of  the  Wolffian  bodies,  namely,  bj 
a disproportionate  growth  of  the  middle  and  upper  portions  ol  the 
abdomen  and  of  the  tissues  above  the  testicles,  so  that  the  relative 
position  of  the  organs  becomes  altered. 

By  the  upward  enlargement  of  the  kidneys,  both  the  Wolffian  bodies 
and  the  testicles  are  soon  found  to  occupy  an  inferior  position.  (Fig. 
295.)  At  the  same  time,  a slender  rounded  cord  (not  represented  in  the 
figure)  passes  from  the  lower  extremity  of  each  testicle  in  an  outward 
and  downward  direction,  crossing  the  vas  deferens  a short  distance  above 
its  union  with  its  fellow  of  the  opposite  side.  Below  this  point,  the  cord 
spoken  of  continues  to  run  obliquely  outward  and  downward ; and, 
passing  through  the  abdominal  walls  at  the  situation  of  the  inguinal 
canal,  is  inserted  into  the  subcutaneous  tissue  near  the  symphysis  pubis. 
The  lower  part  of  this  cord  becomes  the  gubeniaculum  testis.  It  con- 
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Internal  Organs  of  u-enera- 
tton  in  a foetal  pig  nearly  10  centimetres 
long.  From  a specimen  in  the  author’s 
possession. — 1,1.  Kidneys.  2, 2.  Wolffian 
bodies.  3,  3.  Testicles.  4.  Urinary  blad- 
der. 5.  Intestine. 


tains  muscular  fibres,  which  may  be  easily  detected,  in  the  human  foetus, 
during  the  latter  hall  ol  intra-uterine 
life.  At  the  period  of  birth,  however, 
or  soon  afterward,  they  have  usually 
disappeared. 

That  portion  of  the  excretory  tube 
of  the  testicle  which  is  situated  out- 
side the  crossing  of  the  gubernaculum, 
is  destined  to  become  afterward  con- 
voluted, and  converted  into  the  epi- 
didymis. That  which  is  situated 
inside  the  same  point  remains  com- 
paratively straight,  but  becomes  con- 
siderably elongated,  and  is  finally 
known  as  the  vas  deferens. 

As  the  testicles  descend  still  far- 
ther in  the  abdomen,  they  continue  to 
grow,  while  the  Wolffian  bodies,  on 

the  contrary,  become  smaller  ; and  at  ...  ,, 

last,  when  the  testicles  have  arrived  at  the  internal  inguinal  ring,  i 
Wolffian  bodies  have  altogether  disappeared,  or  have  become  so  altered 
that  they  are  no  longer  recognizable.  In  the  human  foetus,  the  testicles 
reach  the  internal  inguinal  ring  about  the  termination  of  the  sixth 

month  (Wilson).  , 

During  the  succeeding  month,  a protrusion  of  the  peritoneum  takes 

place  through  the  inguinal  canal,  in  advance  of  the  testicle;  the  last- 
named  organ  still  continuing  its  descent.  As  it  passes  into  the  scrotum, 
loops  of  muscular  fibres  are  given  off  from  the  lower  border  of  the  in- 
ternal oblique  muscle  of  the  abdomen,  extending  downward  with  the 
testicle,  upon  it  and  upon  the  elongating  spermatic  cord.  These  con- 
stitute afterward  the  cremaster  muscle. 

At  last,  the  testicles  descend  quite  to  the  bottom  of  the  scrotum. 
The  convoluted  portion  of  the  efferent  duct,  namely,  the  epididymis, 
remains  attached  to  the  body  of  the  testicle ; while  the  vas  deferens 
passes  upward,  in  a reverse  direction,  enters  the  abdomen  through  the 
inguinal  canal,  again  bends  downward,  and  joins  its  fellow  of  the  oppo- 
site side;  after  which  they  both  open  into  the  prostatic  portion  o ie 
urethra  by  distinct  orifices,  situated  on  either  side  of  the  median  line. 
At  the  same  time,  two  diverticula  arise  from  the  median  portion  of  the 
vasa  deferentia,  and,  elongating  in  a backward  direction,  beneath  the 
base  of  the  bladder,  become  developed  into  sacculated  reservoirs,  the 

vesiculaz  seminales.  . 

The  left  testicle  is  a littler  later  in  its  descent  than  the  ngl  , 
afterward  passes  farther  into  the  scrotum,  and,  in  the  adult  condition, 
usually  hangs  a little  lower  than  the  corresponding  organ  on  the  oppo- 
site side.  . 

After  the  testicle  has  passed  into  the  scrotum,  the  serous  pouch, 
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Formation  of  the  Tunica 
Vaginalis  Testis.— 1. 
Testicle  nearly  at  the  bottom 
of  the  scrotum.  2.  Cavity  of 
tunica  vaginalis.  3.  Cavity  of 
peritoneum.  4.  Obliterated 
neck  of  peritoneal  sac. 


which  preceded  its  descent,  remains  for  a time  in  communication  with 
the  peritoneal  cavity.  In  many  of  the  quadrupeds,  as,  for  example,  the 
rabbit,  this  condition  is  permanent ; and  the  testicle  may  be  alternately 

drawn  downward  into  the  scrotum,  or  retracted 
into  the  abdomen,  by  the  action  of  the  guber- 
naculum  and  the  cremaster  muscle.  In  the 
human  foetus,  the  two  opposite  surfaces  of  the 
peritoneal  pouch  approach  each  other  at  the 
inguinal  canal,  forming  at  that  point  a con- 
striction, which  partly  shuts  off  the  testicle 
from  the  cavity  of  the  abdomen.  By  a con- 
tinuation ot  this  process,  the  serous  surfaces 
come  in  contact,  and,  adhering  together  at 
this  situation  (Fig.  296,  4),  form  a kind  of 
cicatrix,  by  which  the  cavity  of  the  tunica  va- 
ginalis (2)  is  shut  off  from  the  general  cavity 
of  the  peritoneum(3).  The  tunica  vaginalis 
testis  is,  therefore,  originally  a part  of  the 
peritoneum,  from  which  it  is  subsequently 
separated  by  the  adhesion  of  its  opposite 
walls. 

The  separation  of  the  tunica  vaginalis  testis  from  the  peritoneum  is 
usually  completed  in  the  human  foetus  before  birth.  But  sometimes  it 
fails  to  take  place  at  the  usual  time,  and  the  intestine  is  then  liable  to 
protrude  into  the  scrotum,  in  front  of  the  spermatic  cord,  giving  rise 

to  congenital  inguinal  hernia.  (Fig.  297.) 
The  parts  implicated  in  this  malformation 
have  still,  as  in  the  case  of  congenital  umbili- 
cal hernia,  a tendency  to  unite  with  each  other 
and  obliterate  the  opening;  and  if  the  intes- 
tine be  retained  by  pressure  in  the  cavity  of 
the  abdomen,  cicatrization  usually  takes  place 
at  the  inguinal  canal,  and  a cure  is  effected. 

Female  Organs  of  Generation. — At  an  early 
period  of  development,  the  ovaries  have  the 
same  external  appearance,  and  occupy  the 
same  position  in  the  abdomen,  as  the  testicles 
in  the  opposite  sex.  The  descent  of  the  ovaries 
also  takes  place,  to  a great  extent,  in  the  same 
manner  with  the  corresponding  change  of 
When,  in  the  early  part  of  this  descent,  the}7 
have  reached  the  level  of  the  lower  edge  of  the  kidneys,  a cord,  analogous 
to  the  gubernaculum,  may  be  seen  proceeding  from  their  lower  extremity, 
crossing  the  efferent  duct  on  each  side,  and  passing  downward,  to  be 
attached  to  the  subcutaneous  tissues  at  the  situation  of  the  inguinal 
ring.  That  part  of  the  duct  situated  outside  the  crossing  of  this  cord, 
becomes  convoluted,  and  is  converted  into  the  Fallopian  tube ; while 
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that  which  is  inside  the  same  point,  is  developed  into  the  uterus.  The 
upper  portion  of  the  cord  itself  becomes  the  ligament  of  the  ovary  ; its 
lower  portion,  the  round  ligament  of  the  uterus. 

As  the  ovaries  continue  their  descent,  they  pass  below  and  behind  the 
Fallopian  tubes,  which  perform  at  the  same  time  a movement  of  rota- 
tion from  before  backward  and  from  above  downward;  the  whole, 
together  with  the  ligaments  of  the  ovaries  and  the  round  ligaments, 
being  enveloped  in  double  folds  of  peritoneum,  which  enlarge  with  the 
growth  of  the  parts  included  between  them,  and  constitute  finally  the 
broad  ligaments  of  the  utei  us. 

While  these  changes  are  taking  place  in  the  adjacent  organs,  the  two 
lateral  halves  of  the  uterus  fuse  with  each  other  upon  the  median  line, 
and  become  covered  with  an  abundant  layer  of  muscular  fibres.  In  the 
Quadrupeds,  the  uterus  remains  divided  at  its  upper  portion,  running 
out  into  two  long  conical  tubes  or  cornua  (Fig.  228),  presenting  the 
form  known  as  the  uterus  bicornis.  In  the  human  species,  the  fusion 
of  the  two  lateral  halves  of  the  organ  is  nearly  complete ; so  that  the 
uterus  presents  externally  a somewhat  rounded,  flattened  and  triangular 
figure  (Fto  229),  with  the  ligaments  of  the  ovary  and  the  round  liga- 
ments passing  off  from  its  superior  angles.  Internally,  the  cavity  of 
the  organ  still  presents  a strongly  marked  triangular  form,  the  vestige 

of  its  original  division.  , . , 

Occasionally  the  human  uterus  in  the  adult  condition  remains  divided 
by  a vertical  septum,  running  from  the  middle  of  its  fundus  downward 
toward  the  os  internum.  The  organ  may  even  present  a partial  external 
division,  corresponding  with  the  situation  of  the  internal  septum,  and 
producing  the  malformation  known  as  “ uterus  bicornis,”  or  double 

uterus.  • 

The”  os  internum  and  the  os  externum  are  produced  by  partial  constric- 
tions of  the  original  generative  passage  ; and  the  anatomical  distinctions 
between  the  body  of  the  uterus,  the  cervix,  and  the  vagina,  arise  fiom 
the  different  modes  of  development  of  the  mucous  membrane  and  mus- 
cular tunic  in  its  corresponding  portions.  During  total  life  the  neck 
of  the  uterus  grows  faster  than  its  body;  so  that, at  the  period  of  birth 
the  organ  is  far  from  presenting  the  form  which  it  exhibits  in  the  adult 
condition.  In  the  human  foetus  at  term,  the  cervix  uteri  constitutes 
nearly  two-thirds  of  the  entire  length  of  the  organ;  while  the  body 
forms  but  little  over  one-third.  The  cervix,  at  this  time,  is  larger  in 
diameter  than  the  body;  so  that  the 'whole  organ  presents  a tapering 
form  from  below  upward.  The  arbor  vitae  uterina  of  the  cervix  is  at 
birth  very  fully  developed,  and  the  mucous  membrane  of  the  body  is 
also  thrown  into  three  or  four  folds  which  radiate  upward  from  the  os 
internum.  The  cavity  of  the  cervix  is  filled  with  transparent  semi-solid 

m The'  position  of  the  uterus  at  birth  is  different  from  that  which  it 
assumes  in  adult  life;  nearly  the  entire  length  of  the  organ  being  above 
the  level  of  the  symphysis  pubis,  and  its  inferior  extremity  passing 


790  DEVELOPMENT  OF  THE  WOLFFIAN  BODIES,  ETC. 

below  that  point  only  by  about  six  millimetres.  It  is  also  slightly  ante- 
flexed  at  the  junction  of  the  body  and  cervix.  After  birth,  the  uterus, 
together  with  its  appendages,  continues  to  descend  ; and  at  the  period 
of  puberty  its  fundus  is  situated  just  below  the  level  of  the  symphysis 
pubis. 

The  ovaries  at  birth  are  narrow  and  elongated  in  form.  They  contain 
at  this  time  an  abundance  of  eggs  ; each  inclosed  in  a Graafian  follicle, 
and  averaging  .04  millimetre  in  diameter.  The  vitellus  is  imperfectly 
formed  in  most  of  them,  and  in  some  is  hardly  to  be  distinguished.  The 
Graafian  follicle  at  this  period  envelops  each  egg  closely,  there  being  no 
fluid  between  its  internal  surface  and  the  exterior  of  the  egg,  but  only 
the  thin  layer  of  cells  forming  the  “membrana  granulosa.”  Inside  this 
layer  is  to  be  seen  the  germinative  vesicle,  with  the  germinative  spot, 
surrounded  by  a faintly  granular  vitellus,  more  or  less  abundant  in  dif- 
ferent parts.  Some  of  the  Graafian  follicles  containing  eggs  are  as  large 
as  .05  millimetre ; others  as  small  as  .02  millimetre.  In  the  very 
smallest,  the  cells  of  the  membrana  granulosa  appear  to  fill  entirety  the 
cavity  of  the  follicle,  concealing  the  rudiments  of  the  primitive  egg. 
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CHAPTER  XVII. 

DEVELOPMENT  OF  THE  VASCULAR  SYSTEM. 

There  are  three  distinct  forms  assumed  by  the  circulatory  system 
during  different  periods  of  life.  These  different  forms  of  the  circulation 
are  connected  with  the  manner  in  whicli  nutrition  and  the  renovation  o 
the  blood  are  accomplished  at  different  epochs ; and  they  follow  each 
other  in  the  progress  of  development,  as  different  organs  are  employed 
in  turn  to  accomplish  the  above  functions.  The  first  form  is  that  of  the 
vitelline  circulation , which  exists  at  a period  when  the  vitellus  is  the 
source  of  nutrition  for  the  embryo.  The  second  is  the  placental  circula- 
tion, which  lasts,  in  man  and  the  mammalians,  through  the  greater  part 
of  total  life,  and  is  characterized  by  the  existence  of  the  placenta;  the 
third  is  the  complete  or  adult  circulation , in  which  the  renovation  and 
nutrition  of  the  blood  are  provided  for  by  the  lungs  and  the  intestinal 

^Vitelline  Circulation.-When  the  body  of  the  embryo  has  begun  to 
be  formed  in  the  centre  of  the  blastoderm,  a number  of  bloodvessels 
shoot  out  from  its  sides  and  ramify  over  the  neigh- 
boring parts  of  the  vitelline  sac,  forming  by  then- 
inosculation  an  abundant  vascular  plexus.  The  area 
occupied  by  this  plexus  around  the.  totus  is  the 
“ area  vasculosa.”  In  the  egg  of  the  fish  (Fig.  298), 
the  area  vasculosa  occupies  the  whole  surface  of  the 
vitellus,  outside  the  body  of  the  embryo.  A number 
of  arteries  pass  out  from  each  side,  supplying  the 
vascular  network;  and  the  blood  is  returned  from 
it  to  the  embryo  by  a principal  vein  which  is  seen 
passing  upward  along  the  front  of  the  egg,  and  enter- 
ing the  body  beneath  the  head. 

Li  the  eg-  of  the  fowl,  the  area  vasculosa  spreads  gradually  over  the 
vitelline  sac  from  within  outward.  It  is  at  first  limited  on  its  external 
border  by  a terminal  vein  or  sinus,  which  collects  the  greatei  pait  of 
the  blood  from  the  vascular  plexus  on  each  side  and  returns  it  to  the 
interior  of  the  embryo  by  a double  or  single  trunk,  entering,  as  in  the 
fish,  beneath  the  head.  Another  vein,  of  smaller  size,  enters  the  body 
of  the  embryo  near  its  posterior  extremity;  and  a number  of  otheis, 
still  smallerf  along  the  sides.  All  these  vessels  gradually  change  m 
relative  importance,  as  the  development  of  the  embryo  pioceeds. 
Especially  the  terminal  sinus  becomes  less  distinct  as  the  area  vascu- 
fosa  extends  farther  over  the  vitelline  sac,  and  the  anterior  «d  pos- 
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terior  venous  trunks  disappear  more  or  less  completely,  to  be  replaced 
in  importance  by  some  of  those  which  enter  upon  the  sides.  The  area 
vasculosa  is  therefore  an  appendage  to  the  circulatory  apparatus  of  the 
embryo,  spread  out  over  the  surface  of  the  vitellus,  and  absorbing  from 
it  the  requisite  materials  for  nutrition. 

In  man  and  the  mammalians,  the  first  formation  of  the  area  vasculosa 
is  not  essentially  different  from  that  presented  in  fishes  and  birds.  But 
owing  to  the  small  size  and  rapid  exhaustion  of  the  vitellus  as  a source 
of  nourishment,  this  form  of  the  circulation  never  acquires  a high  degree 
of  development,  and  soon  becomes  retrograde.  It  presents,  however, 
certain  modifications,  which  are  of  importance  as  indicating  the  mode 
of  origin  of  various  parts  of  the  permanent  vascular  system. 

These  modifications  relate  mainly  to  the  arrangement  of  the  arteries 
and  veins  distributing  the  blood  to  the  external  vascular  plexus,  and 
returning  it  thence  to  the  body  of  the  embryo.  As  the  embryo  and  the 
entire  egg  increase  in  size,  there  are  two  arteries  and  two  veins  which 
become  larger  than  the  others,  and  which  subsequently  do  the  whole 
work  of  conveying  the  blood  to  and  from  the  area  vasculosa.  The  two 
arteries  emerge  from  the.  lateral  edges  of  the  embryo,  on  the  right  and 
left  sides  ; while  the  two  veins  enter  at  about  the  same  point  and  nearly 
parallel  with  them.  These  four  vessels  are  termed  the  omphalo-mesen- 
teric  arteries  and  veins. 

The  arrangement  of  the  circulatory  apparatus  in  the  interior  of  the 
body  at  this  time  is  «s  follows : The  heart  is  situated  at  the  median 
line,  immediately  beneath  the  head,  and  in  front  of  the  oesophagus.  It 
receives  at  its  lower  extremity  the  united  trunks  of  the  two  omphalo- 
mesenteric veins,  and  at  its  upper  extremity  gives  off  two  vessels  which 
almost  immediately  divide  into  two  sets  of  lateral  arches,  bending  back- 
ward along  the  sides  of  the  neck,  and  again  uniting  into  two  trunks 
near  the  anterior  surface  of  the  vertebral  column.  These  trunks  then 
run  from  above  downward,  in  a nearly  similar  direction,  on  each  side 
the  median  line.  They  are  called  the  vertebral  arteries , on  account  of 
their  situation,  which  is  parallel  with  that  of  the  vertebral  column. 
They  give  off,  throughout  their  course,  small  lateral  branches,  which 
supply  the  body  of  the  foetus,  and  also  two  larger  branches  — the 
omphalo-mesenteric  arteries — which  pass  out,  as  above  described,  into 
the  area  vasculosa.  The  two  vertebral  arteries  remain  separate  in  ihe 
upper  part  of  the  body,  but  fuse  with  each  other  a little  beneath 
the  level  of  the  heart ; so  that,  below  this  point,  there  remains  but  one 
large  artery,  the  aorta,  running  from  above  downward  along  the  median 
line,  giving  off  the  omphalo-mesenteric  arteries  to  the  area  vasculosa, 
and  supplying  smaller  branches  to  the  body,  the  walls  of  the  intestine, 
and  the  other  organs  of  the  embryo. 

This  is  the  condition  which  marks  the  first  or  vitelline  circulation. 
A change  now  begins  to  be  established,  by  which  the  vitellus  is  super- 
seded, as  an  organ  of  nutrition,  by  the  placenta  ; and  the  second  or  pla- 
cental circulation  takes  its  place. 
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Diagram' of  the  Young  Embryo  and 
its  Vessels,  showing  the  circulation 
of  the  umbilical  vesicle,  and  also  that  of 
the  allantois,  beginning  to  be  formed. 


development  of  the  vascular  system. 

Placental  Circulation.— After  the  umbilical  vesicle  has  been  formed 
by  the  process  already  described  (page  738),  a part  of  the  vitellus  re- 
mains included  in  it,  while  the  rest  is  retained  in  the  abdomen  and 
inclosed  in  the  intestinal  canal.  As 
these  two  organs  (umbilical  vesicle, 
and  intestine)  are  originally  parts  of 
the  same  vitelline  sac,  they  remain 
supplied  by  the  same  vascular  sys- 
tem, namely,  the  omphalo-mesenteric 
vessels.  Those  which  remain  within 
the  abdomen  of  the  foetus  supply  the 
mesentery  and  intestine;  but  the 
larger  trunks  pass  outward,  and 
ramify  upon  the  walls  of  the  um- 
bilical vesicle.  (Fig.  299.)  At  first 
there  are,  as  above  mentioned,  two 
omphalo-mesenteric  arteries  emerg- 
ing from  the  body,  and  two  omphalo- 
mesenteric veins  returning  to  it ; but 
afterward  the  two  arteries  are  re- 
placed by  a common  trunk,  while  a 
similar  change  takes  place  in  the  two  veins.  Subsequently,  therefore, 
there  remains  but  a single  artery  and  a single  vein,  connecting  tie 
internal  and  external  portions  of  the  vitelline  circulation. 

The  vessels  belonging  to  this  system  are  called  the  omphalo-mesen- 
teric vessels,  because  a part  of  them  (omphalic  vessels)  pass  outward, 
by  the  umbilicus,  or  “ omphalos,”  to  the  umbilical  vesicle,  while  the 
remainder  (mesenteric  vessels)  ramify  upon  the  mesentery  anc  e 

intestine.  . , 

At  first,  the  circulation  of  the  umbilical  vesicle  is  more  important 

than  that  of  the  intestine ; and  the  omphalic  artery  and  vein  appear 
accordingly  as  large  trunks,  of  which  the  mesenteric  vessels  are  sma 
branches!  (Fig.  299.)  Afterward  the  intestine  enlarges,  while  the  um- 
bilical vesicle  diminishes ; and  the  proportion  between  the  two  sets  of 
vessels  is  therefore  reversed.  The  mesenteric  vessels  then  come  to  be 
the  principal  trunks,  while  the  omphalic  vessels  are  minute  branches, 
running  out  along  the  stem  of  the  umbilical  vesicle,  and  ramifying  in  a 
few  scanty  twigs  upon  its  surface.  (Fig.  300). 

In  the  mean  time,  the  allantois  is  formed  by  a protrusion  from  the 
lower  extremity  of  the  intestine,  which,  carrying  with  it  two  arteries 
and  two  veins,  passes  out  by  the  anterior  opening  of  the  body,  and  conies 
in  contact  with  the  external  membrane  of  the  egg.  The  arteries  of  the 
allantois,  termed  the  umbilical  arteries , are  supplied  by  branches  of  the 
abdominal  aorta;  the  umbilical  veins,  on  the  other  hand,  join  the  mesen- 
teric veins,  and  empty  with  them  into  the  venous  extremity  of  the  heart. 
As  the  umbilical  vesicle  diminishes,  the  allantois  enlarges  ; and  the  lat- 
ter is  converted,  in  the  human  subject,  into  a vascular  chorion,  part  of 
51 
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which  is  devoted  to  the  formation  of  the  placenta.  (Fig.  300.)  As  the 
placenta  soon  becomes  the  only  source  of  nutrition  for  the  foetus,  its 
vessels  increase  in  size,  and  preponderate  over  all  the  other  parts  of  the 
circulatory  system.  During  the  early  periods  of  the  formation  of  the 


Fig.  300. 


Diagram  of  the  Embryo  and  its  Vessels;  showing  the  second  or  placental  circu- 
lation. The  intestine  has  become  further  developed,  and  the  mesenteric  arteries  have 
enlarged,  while  the  umbilical  vesicle  and  its  vascular  branches  are  redufced  in  size.  The 
large  umbilical  arteries  are  seen  passing  out  to  the  placenta. 

placenta,  there  are,  as  above  mentioned,  two  umbilical  arteries  and  two 
umbilical  veins.  Subsequently  one  of  the  veins  disappears,  and  the 
whole  of  the  blood  is  returned  to  the  foetus  by  the  other,  which  becomes 
enlarged  in  proportion.  For  a long  time  previous  to  birth,  there  are, 
therefore,  in  the  umbilical  cord  two  umbilical  arteries,  and  but  one 
umbilical  vein. 

Adult  Circulation. — The  placental  circulation  is  exchanged,  at  the 
period  of  birth,  for  the  third  or  adult  circulation.  This  is  distinguished 
by  the  disappearance  of  the  placenta  and  the  vessels  connected  with  it, 
and  by  the  entrance  into  activity  of  the  lungs  and  the  alimentary  canal, 
as  the  organs  of  nutrition  and  aeration  for  the  blood.  A large  propor- 
tion of  the  blood  is  accordingly  turned  into  different  channels,  and  is 
distributed  to  organs  which  were  before  but  scantily  supplied.  1 his 
change  differs  from  that  which  preceded  it  mainly  in  its  suddenness. 
The  transition  from  the  first  to  the  second  form  of  circulation  is  a 
gradual  one; 'the  vitellus  and  umbilical  vesicle  diminishing  as  the  pla- 
centa enlarges,  and  the  two  organs,  with  their  bloodvessels,  coexisting 
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for  a certain  period.  But  at  the  time  of  birth  the  placenta  is  detached, 
and  the  lungs  brought  into  play,  with  comparative  suddenness;  and 
although  the  pulmonary  circulation  and  respiration  are  not  established 
in  full  ^activity  until  an  interval  of  some  days  has  elapsed,  yet  the  pla- 
centa is  at  once  withdrawn  from  the  circulatory  system,  and  its  olhee  is 
assumed  by  the  lungs,  the  skin,  and  the  alimentary  canal. 

The  comparatively  sudden  changes  which  take  place  at  birth  have, 
however,  been  already  provided  for  by  the  gradual  development  of  the 
necessary  organs.  This  is  accompanied  by  corresponding  alterations  in 

both  the  arterial  and  venous  systems. 

Development  of  the  Arterial  System.— At  an  early  period  of  develop- 
ment, the  main  arterial  trunks,  after  passing  off  from  the  anterior  ex- 
tremity of  the  heart,  curve  backward  in  two  sets  of  nearly  parallel 
branches,  toward  the  vertebral  column,  after  which  they  again  become 
longitudinal,  and  receive  the  name  of  the  “vertebral  arteries.  Ihe 
curved  branches  which  pass  along  the  sides  of  the  neck,  from  front  to 
rear,  are  called  the  cervical  arches.  They  run  in  the  substance  of  the 
visceral  folds  existing  in  this  situation  (page  781),  and  are  separated 
from  each  other  by  the  intervening  cervical  fissures.  In  the  chick- 
embryo,  according  to  Foster  and  Balfour,  three  cervical  arches,  in  the 
three  upper  visceral  folds,  have  been  formed  by  the  end  of  the  second 
day  of  incubation.  During  the  third  and  fourth  days,  the  first  and 
second  cervical  arches  become  obliterated,  but  a fourth  and  a fifth  be- 
come developed  at  the  same  time,  in  the  substance  of  the  corresponding 
visceral  folds.  Thus  there  are,  in  all,  five  vascular  cervical  arches  ; but 
only  three  are  to  be  found  coexisting  at  any  one  time. 

In  fishes,  the  cervical  arches  remain,  as  permanent  bloodvessels  sup- 
plying the  gills,  generally  four  in  number  on  each  side,  sometimes  five. 
In  birds  and  mammalians,  some  of  them  disappear  during  the  further 
progress  of  development,  or  leave  only  certain  arterial  inosculations  in 
the  adult,  as  vestiges  of  their  existence  during  the  embryonic  condition. 
Some  of  them,  on  the  other  hand,  remain  as  permanent  vascular  trunks 
or  branches,  forming  important  parts  of  the  adult  arterial  system. 

The  details  relating  to  the  growth  and  subsequent  modification  of 
the  cervical  arches  are  not  all  described  in  the  same  manner  by  different 
observers;  and  there  seems  to  be  some  variation,  in  this  respect,  m the 
mammalian  embryo,  as  compared  with  that  of  birds.  1 he  general  fea- 
tures, however,  of  the  process  of  transformation  are  as  follows. 

The  two  ascending  trunks,  on  the  anterior  part  of  the  neck,  fiom 
which  the  cervical  arches  are  given  off,  become  the  carotid  arteries. 
The  first  and  second,  that  is,  the  two  upper  cervical  arches,  on  each 
side,  disappear  as  above-mentioned,  or  remain  only  m the  form  of  small 
and  inconstant  arterial  inosculations.  The  third  arch  becomes  the  sub- 
clavian artery,  giving  off,  in  an  upward  direction,  the  permanent  verte- 
bral artery,  and  continuing  outward  as  the  axillary  artery,  to  supp  y 
the  upper  limb.  The  fourth  cervical  arch  undergoes  very  different 
changes  on  the  two  opposite  sides.  On  the  left  side  it  becomes  enor- 
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mously  enlarged,  giving  off,  as  secondary  branches,  all  the  arterial 
trunks  going  to  the  head  and  upper  limbs,  and  is  thus  converted  into 
the  permanent  arch  of  the  aorta.  On  the  right  side  the  corresponding 
arch  grows  smaller,  and  ultimately  disappears ; so  that  at  last  there  is 
only  a single  aortic  arch,  situated  to  the  left  of  the  median  line,  and 
continuous  below  with  the  thoracic  aorta. 

The  fifth  or  last  cervical  arch  becomes  on  each  side  the  pulmonary 
artery ; its  external  portion  on  the  right  side  disappearing  at  a very 
early  period,  but  on  the  left  remaining  for  a certain  time,  as  the  ductus 
arteriosus,  between  the  pulmonary  artery  and  the  aorta. 

Notwithstanding  tliat  the  cervical  arches  are  at  first,  as  their  name 
implies,  all  situated  in  the  region  of  the  neck,  their  remains  or  perma- 
nent representatives  in  the  complete  form  of  the  arterial  system,  come 
to  be  placed  farther  downward,  and  are  even  found  in  the  cavity  of  the 
chest.  This  is  due  to  the  varying  rapidity  of  growth  in  different  parts, 
at  the  successive  periods  of  embryonic  development.  The  thorax  at 
first  has  no  existence  as  a distinct  portion  of  tlie  trunk ; the  heart 
being  placed  immediately  beneath  the  head,  and  afterward  changing  its 
relative  position  as  the  development  of  the  lungs  goes  forward  and  the 
walls  of  the  chest  expand  to  cover  them.  The  neck,  with  the  oesopha- 
gus and  trachea,  also  elongates  in  an  upward  direction,  so  that  the  vas- 
cular organs  at  first  placed  in  the  cervical  region  afterward  occnpy  a 
position  lower  down.  In  fishes,  where  the  cervical  arches  are  perma- 
nent and  where  no  lungs  are  developed,  there  is  no  thoracic  cavity,  and 
the  heart  remains  situated  at  the  most  anterior  portion  of  the  trunk,  just 
behind  the  gills. 

Corresponding  changes  take  place,  during  this  time,  in  the  lower  part 
of  the  bod}r.  Here  the  abdominal  aorta  runs  undivided,  upon  the  me- 
dian line,  quite  to  the  end  of  the  spinal  column  ; giving  off  on  each  side 
lateral  branches,  which  supply  the  intestine  and  the  parietes  ol  the  body. 
When  the  allantois  begins  to  be  developed,  two  of  these  lateral  branches 
accompany  it,  and  become,  consequently,  the  umbilical  arteries.  These 
vessels  increase  so  rapidly  in  size,  that  they  soon  appear  as  divisions 
of  the  aortic  trunk ; while  the  original  continuation  of  the  aorta, 
running  to  the  end  of  the  spinal  column,  appears  as  a small  branch 
given  off  at  the  point  of  bifurcation.  The  lower  limbs  are  supplied 
by  two  small  branches,  given  off  from  the  umbilical  arteries  near  their 
origin. 

Up  to  this  time,  the  pelvis  and  posterior  extremities  are  but  slightly 
developed.  Subsequently  they  grow  more  rapidly,  in  proportion  to  the 
rest  of  the  body,  and  the  arteries  which  supply  them  enlarge  in  a corie- 
sponding  manner.  That  portion  of  the  umbilical  arteries,  lying  between 
the  bifurcation  of  the  aorta  and  the  origin  of  the  branches  going  to  the 
lower  extremities,  becomes  the  common  iliac  arteries,  which  in  then 
turn  afterwa^l  divide  into  the  umbilical  arteries  proper,  and  the  femorals. 
Subsequently,  in  accordance  with  the  continued  growth  of  the  pelvis 
and  lower  extremities,  the  relative  size  of  their  bloodvessels  is  still 
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further  increased;  and  at  last  the  arterial  system  in  this  part  of  the 
body  assumes  the  arrangement  which  belongs  to  the  latter  periods  ot 
<-estation.  The  aorta  divides,  as  before,  into  the  two  common  iliac 
arteries.  These  divide  into  the  external  iliacs  supplying  the  lower  ex- 
tremities, and  the  internal  iliacs  supplying  the  pelvis ; and  this  division 
is  so  placed  that  the  umbilical  or  hypogastric  arteries  arise  from  the 
internal  iliacs,  of  which  they  now  appear  to  be  secondary  branches. 

After  the  birth  of  the  foetus  and  the  separation  of  the  placenta,  the 
hypogastric  arteries  become  partially  atrophied,  and  are  converted,  in 
the  adult  condition,  into  solid  cords,  running  upward  to  the  umbilicus. 
Their  lower  portion,  however,  remains  pervious, 
and  gives  off  arteries  supplying  the  urinary  blad- 
der. The  terminal  continuation  of  the  original 
abdominal  aorta,  is  the  arteria  sacra  media,  it  hich, 
in  the  adult,  runs  downward  on  the  anterior  sur- 
face of  the  sacrum,  supplying  branches  to  the 
rectum  aud  to  the  anterior  sacral  nerves. 

Development  of  the  Venous  System. — Accoiding 
to  the  observations  of  Coste,  the  principal  veins  of 
the  body  consist  at  first  of  two  long  venous  trunks, 
the  vertebral  veins  (Fig.  301),  which  run  along  the 
sides  of  the  vertebral  column,  parallel  with  the 
vertebral  arteries.  They  receive  in  succession  all 
the  intercostal  veins,  and  empty  into  the  heart  by 
two  lateral  trunks  of  equal  size,  the  canals  of  Cu- 
vier. When  the  inferior  extremities  become  de- 
veloped, their  two  veins,  returning  from  below, 
join  the  vertebral  veins  near  the  posterior  portion 
of  the  body ; and,  crossing  them,  afterward  unite 
with  each  other,  thus  constituting  another  vein  of 
new  formation  (Fig.  302,  a),  which  runs  upward  a 
little  to  the  right  of  the  median  line,  and  empties 
bv  itself  into  the  lower  extremity  of  the  heart. 

The  two  branches,  by  means  of  which  the  veins  of  the  lower  extremi- 
ties thus  unite,  become  afterward  the  common  iliac  veins;  while  the 
single  trunk  (a)  resulting  from  their  union  becomes  the  vena  cava  in- 
ferior. Subsequently,  the  vena  cava  inferior  becomes  very  much  larger 
than  the  vertebral  veins  ; and  its  two  branches  of  bifurcation  are  after- 
ward represented  by  the  iliac  veins. 

Above  the  level  of  the  heart,  the  vertebral  and  intercostal  veins  re- 
tain their  relative  size  until  the  development  of  the  superior  extremities 
has  commenced.  Then,  two  of  the  intercostal  veins  increase  in  diameter 
,Fbr  302),  and  become  converted  into  the  right  and  left  subclavians ; 
while  those  portions  of  the  vertebral  veins  situated  above  the  subcla- 
vians become  the  right  and  left  jugular  veins.  Just  below  the  junction 
of  the  jugulars  with  the  subclavians,  a small  branch  bf  dbmmumcation 
now  appears  between  the  two  vertebrals  (Fig.  302,  6),  passing  over  from 


early  condition  ; show- 
ing the,  vertebral  veins 
emptying  into  the  heart 
by  two  lateral  trunks, 
the  “ canals  of  Ouvier.” 
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Fig.  302. 


Venous  SvsTEMfarther 
advanced,  showing  the  for- 
mation of  tlie  iliac  and  sub- 
clavian veins—  a.  Vein  of 
new  formation,  which  be- 
comes the  inferiorvenacava. 
b.  Transverse  branch  of  new 
formation,  which  afterward 
becomes  the  left  vena  inno- 
minata. 


Fig.  303. 


Further  development  of 
the  Venous  System. — 
The  vertebral  veins  are 
much  diminished  in  size, 
nnd  the  canal  of  Cuvier,  on 
the  left  side,  is  gradually 
disappenring.  c.  Transverse 
branch  of  new  formation, 
which  is  to  become  the  vena 
azygos  minor. 


left  to  right,  and  emptying  into  the  right  verte- 
bral vein  a little  above  the  level  of  the  heart ; 
so  that  a part  of  the  blood  coming  from  the 
left  side  of  the  head,  and  the  left  upper  extre- 
mity, still  passes  down  the  left  vertebral  vein 
to  the  heart  upon  its  own  side,  while  a part 
crosses  over  by  the  communicating  branch  (6), 
and  is  finally  conveyed  to  the  heart  by  the 
right  descending  vertebral.  Soon  afterward, 
this  branch  of  communication  enlarges  so 
rapidly  that  it  preponderates  over  the  left 
superior  vertebral  vein,  from  which  it  origi- 
nated (Fig.  303),  and,  serving  then  to  convey 
all  the  blood  from  the  left  side  of  the  head  and 
left  upper  extremity  to  the  right  side  above  the 
heart,  it  becomes  the  left  vena  innominaia. 

On  the  left  side,  that  portion  of  the  superior 
vertebral  vein,  which  is  below  the  subclavian, 
remains  as  a small  branch  of  the  vena  innomi- 
nata,  receiving  the  six  or  seven  upper  inter- 
costal veins ; while  on  the  right  side  it  becomes 
excessively  enlarged,  receiving  the  blood  of 
both  jugulars  and  both  subclavians,  and  is  con- 
verted into  the  vena  cava  superior. 

The  left  canal  of  Cuvier,  by  which  the  left 
vertebral  vein  at  first  communicates  with  the 
heart,  is  subsequently  atrophied  and  obliterated, 
while  on  the  right  side  it  becomes  excessively 
enlarged,  and  forms  the  lower  extremity  of  the 
vena  cava  superior. 

The  superior  and  inferior  vense  cavae,  accord- 
ingly, do  not  correspond  with  each  other  so  far 
as  regards  their  mode  of  origin,  and  are  not 
to  be  regarded  as  analogous  veins.  The  supe- 
rior vena  cava  is  one  of  the  original  vertebral 
veins  ; while  the  inferior  vena  cava  is  a vessel  of 
new  formation,  resulting  from  the  union  of  two 
lateral  trunks  coming  from  the  inferior  extre- 
mities. 

The  remainder  of  the  vertebral  veins  finally 
assume  the  condition  shown  in  Fig.  304,  which 
is  the  complete  or  adult  form  of  the  venous 
circulation.  At  the  lower  part  of  the  abdo- 
men, the  vertebral  veins  send  inward  small 
transverse  branches  of  communication  to  the 
vena  cava  inferior,  between  the  points  at  which 
they  receive  the  intercostal  veins.  These 
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Fig.  304. 


branches  of  communication,  by  increasing  in  size,  become  the  lumbar 
veins  (7),  which,  in  the  adult  condition,  communicate  with  each  other 
by  arched  branches,  a short  distance  to  the  side 
of  the  vena  cava.  Above  the  level  of  the  lumbar 
arches,  the  vertebral  veins  retain  their  original 
direction.  That  upon  the  right  side  still  re- 
ceives all  the  right  intercostal  veins,  and  becomes 
the  vena  azygos  major  ( 8 ).  It  also  receives  a 
small  branch  of  communication  from  its  fellow 
of  the  left  side  (Fig.  303,  c),  and  this  branch 
soon  enlarges  to  such  an  extent  as  to  bring 
over  to  the  vena  azygos  major  all  the  blood  of 
the  five  or  six  lower  intercostal  veins  of  the  left 
side,  becoming,  in  this  way,  the  vena  azygos 
minor  (9).  The  six  or  seven  upper  intercostal 
veins  on  the  left  side  still  empty,  as  before,  into 
their  own  vertebral  vein  (10),  which,  joining  the 
left  vena  innominata  above,  is  known  as  the 
superior  intercostal  vein.  The  left  canal  of 
Cuvier  has  by  this  time  entirely  disappeared  ; 
so  that  all  the  venous  blood  now  enters  the 
heart  by  the  superior  and  the  inferior  vena  cava. 

But  the  original  vertebral  veins  are  still  con- 
tinuous throughout,  though  much  diminished  in 
size  at  certain  points ; since  both  the  greater 
and  lesser  azygous  veins  inosculate  below  v\  ith 
the  superior  lumbar  veins,  and  the  superioi  in- 
tercostal vein  inosculates  below  with  the  lesser 
azygous,  before  it  crosses  to  the  right  side. 

There  are  still  two  parts  of  the  circulatory 
apparatus,  the  development  of  which  presents 
peculiarities  sufficiently  important  to  be  described  separately.  These 
are,  first,  the  liver  and  the  ductus  venosus,  and  secondly,  the  heart  and 
ductus  arteriosus. 

The  Hepatic  Circulation  and  Ductus  Ve- 
nosus.— The  liver  appears  at  a very  early 
period,  in  the  upper  part  of  the  abdomen,  as 
a mass  of  glandular  and  vascular  tissue,  de- 
veloped around  the  upper  portion  of  the 
omphalo-mesenteric  vein,  just  below  its  ter- 
mination in  the  heart  (Fig.  305).  As  soon 
as  the  organ  has  attained  a considerable 
size,  the  omphalo-mesenteric  vein  ( 1 ) breaks 
up  in  its  interior  into  a capillary  plexus, 
the  vessels  of  which  again  unite  into  a 
venous  trunk,  which  conveys  the  blood  to 
the  heart.  The  omphalo-mesenteric  vein 


Adult  condition  of  the 
Venous  System.  — 1. 
Right  auricle  of  the  heart. 
2.  Vena  cava  superior.  3,3. 
Jugular  veins.  4,  4.  Subcla- 
vian veins.  5.  Vena  cava 
inferior.  6,  6.  Iliac  veins. 
7.  Lumbar  veins.  8.  Vena 
azygos  major.  9.  Vena 
azygos  minor.  10.  Superior 
intercostal  vein. 


Fig.  305. 


Eftrly  form  of  the  Hepatic 
Oiroul  ati  on.  - 1.  Omphalo- 
mesenteric vein.  2.  Hepatic  vein. 

Heart.  The  dotted  line  shows 
the  situation  of  the  future  um- 
bilical vein. 


3. 


800  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM. 


Fig.  306. 


Hepatic  Ci  iu:r  t.  ation 
farther  advanced.  — 1.  Portal 
vein.  2 Umbilical  vein.  S.  He- 
patic vein. 

the  placenta  increases  in 


below  the  liver  then  becomes  the  portal  vein ; while  above  the  liver,  and 
between  that  organ  and  the  heart,  it  receives  the  name  of  the  hepatic 
vein  (2).  The  liver,  accordingly,  is  at  this  time  supplied  with  blood 

entirely  by  the  portal  vein,  coming  from  the 
umbilical  vesicle  and  the  intestine;  and  all 
the  blood  derived  from  this  source  passes 
through  the  hepatic  circulation  before  reach- 
ing the  venous  extremity  of  the  heart. 

But  soon  afterward  the  allantois  makes 
its  appearance,  and  becomes  developed  into 
the  placenta;  and  the  umbilical  vein  re- 
turning from  it  joins  the  omphalo-mesenteric 
vein  in  the  substance  of  the  liver,  and 
takes  part  in  the  formation  of  the  hepatic 
capillary  plexus.  Since  the  umbilical  vesicle, 
however,  becomes  atrophied,  while  the  intes- 
tine remains  inactive,  at  the  same  time  that 
size  and  in  functional  importance,  a period 
arrives  when  the  liver  receives  more  blood  b}r  the  umbilical  vein  than  by 
the  portal  vein.  (Fig.  306.)  The  umbilical  vein  then  passes  into  the 
liver  at  the  longitudinal  fissure,  and  supplies  the  left  lobe  entirely  with 
its  own  branches.  To  the  right  it  sends  ofl  a large  branch  of  communi- 
cation, which  opens  into  the  portal  vein,  and  partially  supplies  the  right 
lobe  with  umbilical  blood.  The  liver  is  thus  supplied  with  blood  from 
two  different  sources,  the  most  abundant  of  which  is  the  umbilical  vein; 
and  all  the  blood  entering  the  liver  circulates,  as  before,  through  its 
capillary  vessels. 

But  the  liver  is  much  larger,  in  proportion  to  the  entire  body,  at  an 
early  period  of  foetal  life  than  in  the  later  months.  In  the  foetal  pig, 
when  very  young,  it  amounts  to  nearly  twelve  per  cent,  of  the  weight 
of  the  whole  body ; while  before  birth  it  diminishes  to  seven,  six,  and 
even  three  or  four  per  cent.  For  some  time,  therefore,  during  the 
latter  part  of  foetal  life,  much  more  blood  returns  from  the  placenta 
than  is  required  for  the  capillary  circulation  of  the  liver.  Accordingly, 
a vascular  duct  or  canal  is  formed  in  its  interior,  by  which  a portion  of 
the  placental  blood  is  carried  directly  through  the  organ,  and  conveyed 
to  the  heart  without  having  passed  through  the  hepatic  capillaries.  rT"~'~ 


This 


canal  is  the  Ductus  venosus. 

The  ductus  venosus  is  formed  by  a gradual  dilatation  of  one  of  the 
hepatic  capillaries  (at  6 Fig.  307),  which,  enlarging  excessively,  be- 
comes converted  into  a wide  branch  of  communication,  passing  from  the 
umbilical  vein  below  to  the  hepatic  vein  above.  The  circulation  through 
the  liver,  at  this  period,  is  as  follows  : A certain  quantity  of  venous  blood 
still  enters  through  the  portal  vein  (1),  and  circulates  in  a part  of  the 
capillary  svstem  of  the  right  lobe.  The  umbilical  vein  (2),  bunging  a 
much  larger  quantity  of  blood,  enters  the  liver  a little  to  the  left,  and 
the  blood  which  it  contains  divides  into  three  principal  streams.  One  of 
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Hepatic  Oirott:lation  during  the 
latter  part  of  festal  life. — 1.  Portal  vein. 
2.  Umbilical  vein.  3 Left  branch  of  um- 
bilical vein.  4.  Eight  branch  of  umbili- 
cal vein.  5.  Ductus  venosus.  6.  Hepatic 
vein. 


development  of  the  vascular  system. 

them  passes  through  the  left  branch  307- 

(3)  into  the  capillaries  of  the  left 
lobe;  another  turns  off  through  the 
right  branch  (4),  and,  joining  the 
blood  of  the  portal  vein,  circulates 
through  the  capillaries  of  the  right 
lobe  ; while  the  third  passes  directly 
onward  through  the  ductus  venosus 
(5)  and  reaches  the  hepatic  vein  with- 
out having  passed  through  any  part 
of  the  capillary  plexus. 

This  condition  of  the  hepatic  cir- 
culation continues  until  birth.  At 
that  time,  two  important  changes 
take  place.  First,  the  placental  cir- 
culation is  cut  off;  and  secondly,  a 
much  larger  quantity  of  blood  than 
before  begins  to  circulate  through  the 
vessels  of  the  lungs  and  the  intestine. 

The  superabundance  of  blood,  previously  coming  from  the  placenta,  is 
now  diverted  to  the  lungs  ; while  the  intestinal  canal  becomes  the  sole 
source  of  supply  for  the  hepatic  venous 
blood.  The  following  changes,  there- 
fore, take  place  at  birth  in  the  vessels 
of  the  liver.  (Fig.  308.)  First,  the  um- 
bilical vein  shrivels  and  becomes  con- 
verted into  a solid  cord  ( 2 ).  T his  cord 
may  be  seen,  in  the  adult  condition, 
running  from  the  internal  surface  ot  the 
abdominal  walls,  at  the  umbilicus,  to 
the  longitudinal  fissure  of  the  liver.  It 
is  then  known  under  the  name  of  the 
round  ligament.  Secondly,  the  ductus 
venosus  also  becomes  obliterated. 

Thirdly,  the  blood  entering  the  liver  by 
the  portal  vein  ( 1 ) passes  off  by  its 
right  branch,  as  before,  to  the  right  lobe. 

Hut  in  the  left  branch  (4)  the  course  of 
the  blood  is  reversed.  This  was  for- 
merly the  right  branch  of  the  umbilical 
vein,  its  blood  passing  in  a direction 
from  left  to  right.  It  now  becomes  the 
left  branch  of  the  portal  vein  ; and  its 

blood  passes  from  right  to  left,  to  be  distributed  to  the  capillary  vessels 
of  the  left  lobe. 

According  to  Guy,  the  umbilical  vein  is  completely  closed  at  the  end 
of  the  fifth  dav  after  birth. 


Fig-,308. 


Adult  form  of  Hepatic  Circu- 
lation. — 1.  Portal  vein.  2.  Oblite- 
rated umbilical  vein,  forming  the  round 
ligament ; the  continuation  of  the  dot- 
ted lines  through  the  liver  shows  the 
situation  of  the  obliterated  ductus 
venosus.  3.  Hepatic  vein.  4.  Left 
branch  of  portal  vein. 
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The  Heart , and  Ductus  Arteriosus — When  the  embryonic  circulation 
is  first  established,  the  heart  is  a simple  tubular  canal  (Fig.  309),  receiv- 
ing the  veins  at  its  lower  extremity,  and  giving  oil  the  arterial  trunks  at 
its* upper  extremity.  In  the  progress  of  growth,  it  soon  becomes  bent 
upon  itself;  so  that  the  entrance  of  the  veins  and  the  exit  ol  the  aitc- 
ries  come  to  be  placed  more  nearly  upon  the  same  horizontal  le\el 
(Fig.  310);  but  the  entrance  of  the  veins  (i)  is  behind  and  a little 
below,  while  the  exit  of  the  arteries  (2)  is  in  front  and  a little  above. 
The  heart  is  then  a simple  twisted  tube ; and  the  blood  passes  through 
it  in  a continuous  stream,  turning  upon  itself  at  the  point  oi  cuivatuie, 
and  emerging  by  the  arterial  orifice. 


Fig.  309. 

Z 


Earliest  form  of  the 
Postal  Heart. — 1. 
Venous  extremity.  2. 
Arterial  extremity. 


Fig.  310. 


Fcetal  Heart,  bent 
upon  itself.— 1.  Venous  ex- 
tremity. 2.  Arterial  extre- 
mity. 


Fig.  311. 


Postal  Heart,  divided 
into  rig-lit  and  left  cavities. 

1.  Venous  extremity  2. 

Arterial  extremity.  3,  3. 
Pulmonary  branches. 


Soon  afterward,  the  single  cardiac  tube  is  divided  into  two  parallel 
canals,  right  and  left,  by  a longitudinal  partition,  which  grows  from  the 
inner  surface  of  its  walls  and  follows  the  twisted  course  of  the  organ 
itself.  (Fig.  311.)  This  partition,  which  is  indicated  in  the  figure  by  a 
dotted  line,  extends  a short  distance  into  the  commencement  of  the 
primitive  arterial  trunk,  dividing  it  into  two  lateral  halves,  one  of  which 
is  in  communication  with  the  right  side  of  the  heart,  the  othei  with  the 


left. 

The  pulmonary  branches  (3,  3)  are  given  off  from  each  side  of  the 
arterial  trunk  near  its  origin;  and  the  longitudinal  partition,  above 
spoken  of,  is  so  placed  that  both  these  branches  fall  upon  one  side  of  it, 

and  are  both,  consequently,  given  off  from  that 
Fig.  312.  division  of  the  artery  which  is  connected  witli 

the  right  side  of  the  heart. 

The  first  portion  of  the  arterial  trunk  is  also 
divided  into  two  parallel  vessels  of  nearly  simi- 
lar curvature,  which  join  each  other  a short 
distance  beyond  the  origin  of  the  pulmonary 
branches.  The  left  lateral  division  of  the  arte- 
rial trunk  is  the  commencement  of  the  aoita  ( 1 ); 
while  its  right  lateral  division  is  the  trunk  of 
the  pulmonary  artery  (.),  giving  off  the  right 

2 Pulmonary  artery.  3,  3.  ^licl  left  pulmonary  bl  anclieS  (3,  3),  R 
Pulmonary  branches.  4 . f jts  0ngin.  That  DOl'tion  of  the 

Ductus  arteriosus.  v n 
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Fis.  313. 


Hkabt  op  Inpant,  showing 
the  mode  of  disappearance  of  the 
arterial  duet  after  birth. — I.  Aorta. 
2.  Pulmonary  artery.  3,  3.  Pulmo- 
nary branches.  4.  Ductus  arterio- 
sus becoming  obliterated. 


pulmonary  trunk  (4)  which  is  beyond  the  origin  ol  the  pulmonary 
branches,  and  which  communicates  freely  with  the  aorta,  is  the  Ductus 
arteriosus. 

The  ductus  arteriosus  is  at  first  as  large  as  the  pulmonary  trunk 
itself;  and  nearly  the  whole  of  the  blood  coming  from  the  right  ven- 
tricle, passes  through  the  arterial  duct, 
and  enters  the  aorta  without  going  to  the 
lungs.  But  as  the  lungs  become  devel- 
oped, the  pulmonary  branches  increase  in 
proportion  to  the  pulmonary  trunk  and  to 
the  ductus  arteriosus.  At  the  termination 
of  fcetal  life  in  man,  the  ductus  arteriosus 
is  about  as  large  as  either  one  of  the  pul- 
monary branches  ; and  a considerable  por- 
tion of  the  blood,  therefore,  coming  from 
the  right  ventricle,  still  passes  onward  to 
the  aorta  without  being  distributed  to  the 
lungs. 

But  at  the  period  of  birth,  the  lungs 
enter  upon  the  performance  of  the  func- 
tion of  respiration,  and  immediately  re- 
quire a greater  supply  of  blood.  The 
right  and  left  pulmonary  branches  then  enlarge,  so  as  to  become  the 
two  principal  divisions  of  the  pulmonary  trunk.  (Fig.  313.)  The  ductus 
arteriosus  at  the  same  time  contracts  to  such  an  extent  that  its  cavity 
is  obliterated;  and  it  is  finally  converted  into  an  impervious  cord, 
which  remains  until  adult  life,  running  from  the  point  of  bifurcation  of 
the  pulmonary  artery  to  the  under  side  of  the  arch  of  the  aorta,  'lhe 
obliteration  of  the  arterial  duct  is  complete,  at  latest,  by  the  tenth 
week  after  birth.  (Guy.) 

The  two  auricles  are  separated  from  the  two  ventricles  by  transverse 
septa  which  grow  from  the  internal  surface  of  the  cardiac  walls;  but 
these  septa  remaining  incomplete,  the  auriculo-ventricular  orifices  con- 
tinue pervious,  and  allow  the  passage  ot  the  blood  from  the  auricles  to 
the  ventricles. 

The  interventricular  septum,  or  that  which  separates  the  two  ven- 
tricles from  each  other,  is  completed  at  an  early  date ; but  the  inter- 
auricular  septum,  or  that  situated  between  the  two  auricles,  remains 
incomplete  for  a long  time,  being  perforated  by  an  oval-shaped  opening, 
the  foramen  ovale,  allowing,  at  this  situation,  a free  passage  from  the 
right  to  the  left  side  of  the  heart.  The  existence  of  the  foramen  ovale 
and  of  the  ductus  arteriosus  gives  rise  to  a peculiar  crossing  of  the 
streams  of  blood  in  passing  through  the  heart,  which  is  characteristic 
of  fcetal  life,  and  which  may  be  described  as  follows: 

The  two  venae  cavae  in  the  foetus  do  not  open  into  the  right  auricle  on 
the  same  plane  or  in  the  same  direction  ; for  while  the  supcriorjena 
cava  is  situated  anteriorly,  and  is  directed  downward  and  forward,  the 
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inferior  is  situated  posteriorly,  and  passes  into  the  auricle  in  a direction 
from  right  to  left,  transversely  to  the  axis  of  the  heart.  A nearly  ver- 
tical curtain  or  valve  at  the  same  time  projects  behind  the  orifice  of  the 
superior  vena  cava  and  in  front  of  the  orifice  ol  the  infeiior.  this  cur- 
tain is  formed  by  the  lower  and  right  hand  edge  of  the  septum  of  the 
auricles,  which,  as  above  mentioned,  is  incomplete  at  this  time,  and  which 
terminates  inferiorly  and  toward  the  right  in  a crescentic  border,  leaving 
an  oval  opening,  the  foramen  ovale.  The  stream  of  blood,  coming  from 
the  superior  vena  cava,  falls  in  front  of  this  curtain,  and  passes  down- 
ward, through  the  auriculo-ventricular  orifice,  into  the  right  ventricle. 
But  the  inferior  vena  cava,  being  farther  back  and  directed  transversely  , 
opens,  properly  speaking,  not  into  the  right  auricle,  but  into  the  left ; 
for  its  stream  of  blood,  falling  behind  the  curtain  above  mentioned, 
passes  across,  through  the  foramen  ovale,  into  the  cavity  of  the  left  auri- 
cle. This  direction  of  the  current 


Fig.  314. 


of  blood,  coming  from  the  inferior 
vena  cava,  is  further  secured  by  a 
special  membranous  valve,  which 
exists  at  this  period,  termed  the 
Eustachian  valve.  This  valve, 
which  is  very  thin  and  transparent 
(Fig.  314,/),  is  attached  to  the  an- 
terior border  of  the  orifice  of  the 
inferior  vena  cava,  and  terminates 
by  a crescentic  edge,  directed  to- 
ward the  left ; thus  standing  as  an 
incomplete  membranous  partition 
between  the  cavity  of  the  inferior 
vena  cava  and  that  of  the  right 
auricle.  A bougie,  placed  in  the 
inferior  vena  cava,  as  shown  in  Fig. 
314,  lies  quite  behind  the  Eusta- 
chian valve,  and  passes  through 
the  foramen  ovale,  into  the  left 
auricle. 

The  two  streams  of  blood,  there- 
fore, coming  from  the  superior  and 
inferior  venae  cavse,  cross  each  other 
upon  entering  the  heart.  This 
crossing  does  not  take  place  in  the 
cavity  of  the  right  auricle  ; but,  owing  to  the  position  and  direction  of 
the  two  veins,  the  stream  coming  from  the  superior  vena  cava  enters  the 
right  auricle,  while  that  from  the  inferior  passes  almost  directly  in  o 

th  It ^lso  appears,  from  the  relative  position  of  the  aorta,  pulmonary 
artery,  and  ductus  arteriosus,  at  this  time,  that  the  artena  innominata, 
together  with  the  left  carotid  and  left  subclavian  arteries,  are  given  o(T 


Heart  of  the  Human  Foetus,  at 
the  eml  of  the  sixth  month  ; from  a specimen 
in  the  author’s  possession. — a.  Inferior  vena 
cava.  b.  Superior  vena  cava.  c.  Cavity  of 
the  right  auricle,  laid  open  from  the  front. 
d.  Appendix  auricularis.  e.  Cavity  of  the 
right  ventricle,  also  laid  open.  f.  Eustachian 
valve.  The  bougie  which  is  placed  in  the  in. 
ferior  vena  cava,  can  be  seen  passing  behind 
the  Eustachian  valve,  just  helow  the  point 
indicated  by  /,  then  crossing  behind  the 
cavity  of  the  right  auricle,  through  the 
foramen  ovale,  to  the  left  side  of  the  heart. 
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from  the  arch  of  the  aorta,  before  its  junction  with  the  ductus  arteriosus  ; 
and  this  arrangement  causes  the  blood  of  the  two  venae  cavae,  not  only 
to  enter  the  heart  in  different  directions,  but  also  to  be  distributed,  after 
leaving  the  ventricles,  to  different  parts  of  the  body.  (Fig.  315.)  rihe 
blood  of  the  superior  vena  cava  passes 
through  the  right  auricle  downward  into 
the  right  ventricle,  thence  through  the 
pulmonary  artery  and  ductus  arteriosus, 
into  the  thoracic  aorta  ; while  the  blood 
of  the  inferior  vena  cava,  entering  the 
left  auricle,  passes  into  the  left  ventricle, 
thence  into  the  arch  of  the  aorta,  and  is 
distributed  to  the  head  and  upper  extre- 
mities. The  two  streams,  therefore,  in 
passing  through  the  heart,  cross  each 
other  both  behind  and  in  front.  The 
venous  blood,  returning  from  the  head 
and  upper  extremities  by  the  superior 
vena  cava,  passes  through  the  thoracic 
and  abdominal  aorta  and  the  umbilical 
arteries,  to  the  lower  part  of  the  body, 
and  to  the  placenta  ; while  that  returning 
from  the  placenta,  by  the  inferior  vena 

cava,  is  distributed  to  the  head  and  upper  extremities,  through  the 
vessels  given  off  from  the  arch  of  the  aoita. 

This  division  of  the  streams  of  blood,  during  a certain  period  of  foetal 
life,  is  so  complete  that  Reid,1  on  injecting  the  inferior  vena  cava  with 
red,  and  the  superior  with  yellow,  in  a human  foetus  of  seven  months, 
found  that  the  red  injection  had  passed  through  the  foramen  ovale  into 
the  left  auricle  and  ventricle  and  the  arch  of  the  aorta,  and  had  fillec 
the  vessels  of  the  head  and  upper  extremities  ; while  the  yellow  had 
passed  into  the  right  ventricle,  pulmonary  artery,  ductus  arteriosus,  and 
thoracic  aorta,  with  only  a slight  admixture  of  red  at  the  posterior  part 
of  the  rio-ht  auricle.  All  the  branches  of  the  thoracic  and  abdominal 
aorta  were  filled  with  yellow,  while  the  whole  of  the  red  had  passed  to 

the  upper  part  of  the  body.  , 

We  have  repeated  this  experiment  several  times  on  the  loetal  pig, 
when  about  one-half  and  three-quarters  grown,  first  taking  the  precau- 
tion to  wash  out  the  heart  and  large  vessels  with  a watery  injection 
immediately  after  the  removal  of  the  foetus,  and  before  the  blood  had 
been  allowed  to  coagulate.  The  injections  used  were  blue  for  the  supe- 
rior vena  cava,  and  yellow  for  the  inferior.  The  two  syringes  were 
managed,  at  the  same  time,  by  the  right  and  left  hands ; their  nozzles 
being  held  in  place  by  the  fingers  of  an  assistant.  W hen  the  points  of 
the  syringes  were  introduced  into  the  veins,  at  equal  distances  from  the 


Diagram  of  the  Oibociation 

THROUGH  THE  F CE  T A L HEART. 

—a.  Superior  vena  cava.  b.  Inferior 
vena  cava.  c,c,c,c.  Arch  of  the  aorta 
and  its  branches.  d.  Pulmonary 
artery. 


• Edinburgh  Medical  and  Surgical  Journal,  1835,  vol.  xliii.  p.  11. 
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heart,  and  the  two  injections  made  with  equal  rapidity,  it  was  found 
that  the  admixture  of  the  colors  was  so  slight,  that  at  least  nineteen- 
twentieths  of  the  yellow  injection  had  passed  into  the  left  auricle,  and 
nineteen-twentieths  of  the  blue  into  the  light.  The  pulmonary  artery 
and  ductus  arteriosus  contained  a similar  proportion  of  blue,  and  the 
arch  of  the  aorta  of  yellow.  In  the  thoracic  and  abdominal  aorta,  how- 
ever, there  was  always  an  admixture  of  the  two  colors,  generally  in 
about  equal  proportions.  This  may  be  owing  to  the  smaller  size  of  the 
head  and  upper  extremities  in  the  pig,  as  compared  with  those  of  the 
human  foetus,  which  would  prevent  their  receiving  all  the  blood  coming 
from  the  left  ventricle;  or  to  some  difference  in  the  manipulation  of 
these  experiments,  in  which  it  is  not  always  easy  to  imitate  exactly 
the  force  and  rapidity  of  the  different  currents  of  blood  in  the  living 
body.  These  results,  however,  leave  no  doubt  of  the  fact,  that,  up  to 
an  advanced  stage  of  foetal  life,  by  far  the  greater  portion  of  the  blood 
coming  from  the  inferior  vena  cava  passes  through  the  foramen  ovale, 
into  the  left  side  of  the  heart;  while  by  far  the  greater  portion  of  that 
coming  from  the  head  and  upper  extremities  passes  into  the  right  side 
of  the  heart,  and  thence  outward  by  the  pulmonary  trunk  and  ductus 
arteriosus.  Toward  the  latter  periods  of  gestation,  this  division  of  the 
venous  currents  becomes  less  complete,  owing  to  the  following  causes. 

First,  the  lungs  increasing  in  size,  the  two  pulmonary  arteries,  as  well 
as  the  pulmonary  veins,  enlarge  in  proportion ; and  a greater  quantity 
of  the  blood  coming  from  the  right  ventricle,  instead  of  going  onward 
through  the  ductus  arteriosus,  passes  to  the  lungs,  and,  returning  thence 
by  the  pulmonary  veins  to  the  left  auricle  and  ventricle,  joins  the  stream 
passing  out  by  the  arch  of  the  aorta. 

Secondly,  the  Eustachian  valve  diminishes  in  size.  This  valve,  Avhich 
is  very  large  at  the  end  of  the  sixth  month,  subsequently  becomes 
atrophied  to  such  an  extent  that,  at  the  end  of  gestation,  it  has  either 
disappeared,  or  is  reduced  to  the  condition  of  a narrow  membranous 
ridge,  which  can  exert  no  influence  on  the  current  of  the  blood.  Thus, 
the  cavity  of  the  inferior  vena  cava,  at  its  upper  extremity,  ceases  to 
be  separated  from  that  of  the  right  auricle  ; and  a passage  of  blood  from 
one  to  the  other  may  more  readily  take  place. 

Thirdly,  the  foramen  ovale  becomes  partially  closed  by  a valve  which 
passes  across  its  orifice  from  behind  forward.  This  valve,  which  begins 
to  be  formed  at  a very  early  period,  is  the  valve  of  the  foramen  ovale. 
It  consists  of  a thin,  fibrous  sheet,  which  grows  from  the  posterior  sur- 
face of  the  auricular  cavity,  a little  to  the  left  of  the  foramen  ovale,  and 
projects  into  the  left  auricle,  presenting  a thin  crescentic  border,  at- 
tached, by  its  two  extremities,  to  the  auricular  septum  upon  the  left 
side.  The  valve  does  not  at  first  interfere  with  the  flow  of  blood  from 
right  to  left,  since  its  edge  hangs  loosely  into  the  cavity  of  the  left 
auricle.  It  only  opposes  regurgitation  from  left  to  right. 

But  as  gestation  advances,  while  the  Avails  of  the  heart  continue  to 
enlarge,  and  its  cavities  expand  in  every  direction,  the  fibrous  bundles, 
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forming  the  valve,  do  not  elongate  in  proportion.  The  valve,  accord- 
inolv,  becomes  drawn  downward  more  closely  toward  the  foramen  ovale. 
It  thus  comes  in  contact  with  the  edges  of  the  inter-auricular  septum, 
and  unites  with  its  substance  ; the  adhesion  taking  place  first  at  the 
lower  and  posterior  portion,  and  proceeding  gradually  upward  and  for- 
ward, so  that  the  passage  from  the  right  auricle  to  the  left  becomes  con- 
stantly more  oblique  in  direction. 

At  the  same  time  there  is  an  alteration  in  the  position  of  the  inferior 
vena  cava.  This  vessel,  which  at  first  looked  transversely  toward  the 
foramen  ovale,  becomes  directed  more  obliquely  forward ; and  thus,  the 
Eustachian  valve  having  nearly  disappeared,  a part  of  the  blood  ol  the 
inferior  vena  cava  enters  the  right  auricle,  while  the  remainder  still 
passes  through  the  equally  oblique  opening  of  the  foramen  ovale. 

At  birth  a change  takes  place,  by  which  the  foramen  ovale  is  com- 
pletely occluded,  and  all  the  blood  coming  through  the  inferior  vena 
cava  is  turned  into  the  right  auricle. 

The  change  depends  upon  the  commencement  of  respiration.  When 
this  occurs,  a much  larger  quantity  of  blood  is  sent  to  the  lungs,  and 
of  course  returns  from  them  to  the  left  auricle.  The  left  auricle, 
being  thus  filled  with  blood  from  the  lungs,  no  longer  admits  the 
entrance  of  a further  quantity  from  the  right  auricle  through  the  fora- 
men ovale;  and  the  valve  of  the  foramen,  pressed  backward  against  the 
edges  of  the  septum,  becomes  after  a time  adherent  throughout,  and 
thus  obliterates  the  opening.  The  cutting  off  of  the  placental  circula- 
tion diminishes  at  the  same  time  the  quantity  of  blood  arriving  at  the 
heart  by  the  inferior  vena  cava.  It  is  evident  that  the  same  quantity 
of  blood  which  previously  returned  from  the  placenta  by  the  inferior 
vena  cava  on  the  right  side  of  the  inter-auricular  septum,  now  returns 
from  the  lungs,  by  the  pulmonary  veins,  upon  the  left  side  of  the  same 
septum  ; and  it  is  owing  to  all  these  circumstances  combined,  that,  while 
before  birth  a portion  of  the  blood  always  passed  from  the  right  auricle 
to  the  left  through  the  foramen  ovale,  no  such  passage  takes  place  after 
birth,  since  the  pressure  is  then  equal  on  both  sides  of  the  auricular 
septum. 

The  foetal  circulation  is  then  replaced  by  the  adult  circulation,  repre- 
sented in  Fig.  316. 

That  portion  of  the  inter-auricular  septum,  originally  occupied  by  the 
foramen  ovale,  is  accordingly  constituted,  in  the  adult  condition,  by  the 
valve  of  the  foramen  ovale,  which  has  become  adherent  to  the  edges  of 
the  septum.  The  septum  in  the  adult  heart  is,  therefore,  thinner  at  this 
spot  than  elsewhere ; and  presents,  on  the  side  of  the  right  auricle,  an 
oval  depression,  termed  the  fossa  ovalis , which  indicates  the  site  ot  the 
original  foramen  ovale.  The  fossa  ovalis  is  surrounded  by  a slightly 
raised  ring,  the  annulus  ovalis , representing  the  curvilinear  edge  ot  the 
original  inter-auricular  septum. 

The  foramen  ovale  is  sometimes  completely  obliterated  within  a few 
days  after  birth,  but  often  remains  partially  pervious  for  several  weeks 
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or  months.  We  have  a specimen,  taken  from  a child  one  year  and  nine 
months  old,  in  which  the  opening  is  still  very  distinct ; and  it  is  not 
unfrequent  to  find  a small  aperture  existing  even  in  adult  life.  In  these 


Fig.  316. 


Diagram  of  the  Adult  Circulation  through  thr  H e a r t.— a,  a.  Superior  an 
inferior  verne  eavie.  b.  Right  ventricle,  c.  Pulmonary  artery,  dividing  into  right  and  ielt 
branches,  d.  Pulmonary  vein.  e.  Left  ventricle.  /.  Aorta. 

instances,  although  the  adhesion  and  solidification  of  the  inter-auricular 
septum  may  not  be  complete,  yet  no  admixture  of  blood  takes  place 
between  the  right  and  left  sides  of  the  heart ; since  the  direction  of  the 
passage  is  always  very  oblique,  and  its  valvular  arrangement  prevents 
any  regurgitation  from  left  to  right.  The  complete  filling  of  the  left 
auricle  with  arterial  blood,  returning  from  the  lungs,  also  opposes  a 
complete  obstacle  to  the  entrance  of  venous  blood  from  the  right 
auricle. 


CHAPTER  XVIII. 

development  of  the  body  after  birth. 

The  newly-born  infant  is  still  far  from  having  arrived  at  a state  of 
complete  development.  The  changes  through  which  it  has  passed  while 
in  the  foetal  condition  are  followed  by  others  during  the  periods  of 
infancy,  childhood,  and  adolescence.  The  anatomy  of  the  organs,  both 
internal  and  external,  their  physiological  functions,  and  even  the  morbid 
derangements  to  which  they  are  subject,  continue  to  undergo  gradual 
and  progressive  alterations,  throughout  the  entire  course  of  subsequent 
life.  The  history  of  development  extends,  properly  speaking,  from  the 
earliest  organization  of  the  embryonic  tissues  to  the  complete  formation 
of  the  adult  body.  The  period  of  birth  marks  only  a single  epoch  in  a 
constant  series  of  changes,  some  of  which  have  preceded,  while  many 
others  are  to  follow. 

The  weight  of  the  newly-born  infant  is  about  seven  pounds.  I he 
middle  point  of  the  body  is  nearly  at  the  umbilicus,  the  head  and  upper 
extremities  being  still  large,  in  proportion  to  the  lower  extremities  and 
the  pelvis.  The  abdomen  is  larger  and  the  chest  smaller,  in  proportion, 
than  in  the  adult.  The  lower  extremities  are  still  partially  curved  in- 
ward, so  that  the  soles  of  the  feet  look  obliquely  toward  each  other, 
instead  of  being  directed  horizontally  downward,  as  at  a subsequent 
period.  Both  the  arms  and  the  legs  are  curled  upward  and  forward 
over  the  chest  and  the  abdomen,  and  all  the  joints  are  in  a semi-flexed 
position. 

The  process  of  respiration  is  imperfectly  performed  for  some  time 
after  birth.  The  expansion  of  the  pulmonary  vesicles,  and  the  changes 
in  the  circulatory  apparatus  which  take  place  at  the  time  of  birth,  far 
from  being  instantaneous,  are  always  more  or  less  gradual  in  character, 
and  require  an  interval  of  several  days  for  their  completion.  Respira- 
tion seems  to  be  accomplished,  during  this  period,  to  a considerable  ex- 
tent through  the  skin,  which  is  remarkably  soft,  vascular,  and  ruddy. 
The  animal  heat  is  less  actively  generated  than  in  the  adult,  and  le- 
quires  to  be  sustained  by  careful  protection,  and  by  contact  with  the 
body  of  the  mother.  The  young  infant  sleeps  during  the  greater  part 
of  the  time ; and  even  when  awake  exhibits  comparatively  few  mani- 
festations of  intelligence  or  perception.  The  special  senses  of  sig  it 
and  hearing  are  dull  and  inexcitable,  and  even  consciousness  seems 
present  only  to  a limited  extent.  Voluntary  motion  and  sensation  are 
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nearly  absent ; and  the  almost  constant  irregular  movements  of  the 
limbs,  observable  at  this  time,  are  mainly  automatic.  Nearly  all  the 
nervous  phenomena  presented  by  the  newly-born  infant,  are  of  a similar 
nature.  The  motions  of  its  hands  and  feet,  the  act  of  suckling,  and  even 
its  cries  and  the  contortions  of  its  face,  are  reflex  in  their  origin,  and  do 
not  indicate  the  existence  of  active  volition,  or  distinct  perception  of 
external  objects.  There  is  at  first  but  little  nervous  connection  with 
the  external  world,  and  the  system  is  almost  exclusively  occupied  with 
the  functions  of  nutrition  and  respiration. 

The  difference  in  organization  between  the  newly-born  infant  and 
the  adult  may  be  represented,  to  some  extent,  by  the  following  list, 
which  gives  the  relative  wreight  of  the  most  important  internal  organs 
at  the  period  of  birth  and  in  adult  age ; the  weight  of  the  entire  body 
being  reckoned,  in  each  case,  as  1000.  The  relative  weight  of  the  adult 
organs  has  been  calculated  from  the  estimates  of  Cruveilhier,  Solly,  and 
Wilson,  that  of  the  organs  in  the  fretus  at  term  from  our  own  observa- 
tions. 


Weight  of  the  entire  body 
“ “ encephalon 

“ “ liver 

“ “ heart 

“ “ kidneys  . 

*•  “ supra-renal  capsules 

“ “ thyroid  gland  . 

“ “ thymus  gland  . 


Fcstua  at  term.  Adult. 

1000.00  1000.00 

148.00  23.00 

37.00  29.00 

7.77  4.17 

6.00  4.00 

1.63  0.13 

0.60  0.51 

3.00  0.00 


It  appears  that  most  of  the  internal  organs  diminish  in  relative  size 
after  birth,  owing  principally  to  the  increased  development  of  the  osse- 
ous and  muscular  systems,  both  of  which,  are  in  an  imperfect  condition 
throughout  intra-uterine  life,  but  come  into  activity  during  childhood 
and  youth. 

The  remains  of  the  umbilical  cord  begin  to  wither  within  the  first  day 
after  birth,  and  become  completely  desiccated  by  about  the  third  day. 
A superficial  ulceration  then  takes  place  at  the  point  of  its  attachment, 
and  it  is  separated  and  thrown  off  within  the  first  week.  After  the 
separation  of  the  cord,  the  umbilicus  becomes  completely  cicatrized  by 
the  tenth  or  twelfth  day.  (Guy.) 

An  exfoliation  and  renovation  of  the  cuticle  take  place  over  the  whole 
body  soon  after  birth.  According  to  Kollilter,  the  eyelashes,  and  pro- 
bably all  the  hairs  of  the  body  and  head,  are  thrown  off  and  replaced 
by  now  ones  within  the  first  year. 

The  teeth  in  the  newly-born  infant  are  but  partially  developed,  being 
still  inclosed  in  their  follicles  and  concealed  beneath  the  gums.  I hey 
are  twenty  in  number,  namely,  two  incisor,  one  canine,  and  two  molar 
teeth  on  each  side  of  each  jaw.  At  birth  there  is  a thin  layer  of  den- 
tine and  enamel  covering  their  upper  surfaces,  but  the  body  of  the  tooth 
and  its  fangs  are  formed  subsequently  by  progressive  elongation  and 
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ossification  of  the  tooth-pulp.  The  fully-formed  teeth  emerge  from  the 
omns  in  the  following  order.  The  central  incisors  in  the  seventh  month 
after  birth ; the  lateral  incisors  in  the  eighth  month  ; the  anterior  molars 
at  the  encl  of  the  first  year;  the  canines  at  a year  and  a half;  and  the 
second  molars  at  two  years  (Kolliker).  The  eruption  of  the  teeth  m 
the  lower  jaw  generally  precedes  by  a short  time  that  ol  the  correspond  - 

ing  teeth  in  the  upper  jaw.  . 

During  the  seventh  year  a change  begins  to  take  place  by  which  the 

first  set  of  teeth  are  thrown  off  and  replaced  by  the  second  or  permanent 
set  which  are  different  in  number,  size,  and  . shape  from  the  preceding. 
The  anterior  permanent  molar  tooth  first  shows  itself  just  behind  the 
posterior  temporary  molar,  on  each  side.  This  happens  at  about  six 
and  a half  years  after  birth.  At  the  end  of  the  seventh  year  the  middle 
incisors  are  thrown  off  and  replaced  by  corresponding  permanent  teeth, 
of  larger  size.  At  the  eighth  year  a similar  exchange  takes  place  m the 
lateral  incisors.  In  the  ninth  and  tenth  years,  the  anterior  and  second 
molars  are  replaced  by  the  anterior  and  second  permanent  bicuspid 
teeth.  In  the  twelfth  year,  the  canine  teeth  are  changed.  In  the  t 
teenth  year  the  second  permanent  molars  show  themselves  ; and  fiom 
the  seventeenth  to  the  twenty-first  year,  the  third  molars,  or  ^sc  o“ 
teeth  ” emerge  from  the  gums,  at  the  posterior  extremities  of  the  dental 
arch.’  (Wilson.)  The  jaw,  therefore,  in  the  adult  condition,  contains 
three  teeth  on  each  side  more  than  in  childhood  making  in  all  tlmty- 
two  permanent  teeth;  namely,  on  each  side,  above  and  below,  two 
incisors,  one  canine,  two  bicuspids,  and  three  permanent  mo  ai  . 

The  generative  apparatus,  which  is  stiff  inactive  at  birth,  begmsto 
enter  upon  a condition  of  functional  activity  from  the  fifteenth  to  the 
twentieth  year.  The  entire  configuration  of  the  body  -lottos 
period,  and  the  distinction  between  the  sexes  becomes  more  maiked. 
The  beard  is  developed  in  the  male;  and  in  the  ema  e e lea 
sume  the  size  and  form  characteristic  of  the  condition  of  puberty.  T 
voice,  which  is  shrill  and  sharp  in  infancy  and  childhood,  becomes  deep 
in  tone,  and  the  countenance  assumes  a more  sedate  express  o .. 
this  period,  the  muscular  system  increases  still  further  m size  anc 
strength,  and  the  consolidation  of  the  skeleton  also  continues  ; tne i bony 
union  of  its  various  parts  not  being  entirely  accomplished  until  the 
twenty-fifth  or  thirtieth  year.  Finally,  all  the  different  organs  of  the 
body  arrive  at  the  adult  condition,  and  the  entire  process  of  deve  op 
ment  is  then  complete. 
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\ BDOMBN,  movement  of,  in  inspira- 
A.  tion,  276 
Abdominal  plates,  725 
Abdominal  pregnancy,  711 

Abdominal  respiration,  2(6 

Abducens  nerve,  538 
Absorption,  189 

by  bloodvessels,  194 
by  lacteals,  196 
of  fat,  192 

of  liquids  by  animal  substances,  3oJ, 
365 

of  oxygen  in  respiration,  281 
Absorption-bands,  207  . . . 

Accommodation,  of  the  eye,  for  vision  at 
different  distances,  629 
Acid,  carbonic,  60,  128,  129,  130,  -.83,  296, 
744 

lactic,  118,  158 
cholic,  104,  105 
glycocholic,  104 
taurocholic,  105 
hippuric,  111 
meconic,  142 
oxalic,  393 
uric,  111,  385 
phosphoric,  51 

Acid  and  alkaline  animal  fluids,  50 
Acid  fermentation  of  urine,  393 
Acidity,  of  gastric  juice,  158 
of  urine,  382 
Action  of  arrest,  568,  571 
Adipose  tissue,  72 

digestion  of,  168,  185 
Adult  circulation,  320,  794 
establishment  of,  807 
Air,  quantity  of,  used  in  respiration,  280 
alterations  of,  in  respiration,  280 
Air-cells,  of  lungs,  274 
Air-chamber,  in  fowl  s egg,  691 
Ala  cinerea,  506,  557 
Albumen,  86 

vegetable,  87 
in  milk,  118 
in  saliva,  141 
in  the  blood,  259 
in  urine,  385,  389 

of  the  egg,  how  produced,  690,  721 
Albuminose,  87,  160 

produced  in  digestion,  160,  168 
in  the  blood-plasma,  259 
interference  with  Trommer  s test,  8 i 
with  iodine-test  for  starch,  88 
Albuminous  matters,  79 
Alimentary  canal,  131 

development  of,  727,  775 
Alkalies,  effect  of,  on  urine,  386 
Alkaline  carbonates,  51 


Alkaline  fluids,  of  the  animal  system,  o0 
Alkaline  phosphates,  49  . 

Alkaline  fermentation,  of  the  urine,  394 
Alkalescence,  of  the  blood,  50,  51,  260 
Allantois,  739 

formation  of,  741 
in  fowl’s  egg,  742 
function  of,  743 

in  foetal  pig,  755  . 

Ammonio-magnesian  phosphate,  m de- 
composing urine,  395 
Ammonium  carbonate,  in  decomposing 
urine,  394 
Amnion,  739 

formation  of,  740 
enlargement  of,  745 
contact  of,  with  chorion,  746 
Amuiotic  fluid,  746 
Amniotic  folds,  746 
Amoeba,  255 

Amoeba  princeps,  256  , , . 

Amoeboid  movements  of  white  globules 
of  the  blood,  255,  256 
Amphioxus,  251  . 

Amphiuma  tridactylum,  blood-globules 

of,  252  . , , one 

Ampullne,  of  the  semi-circular  canals,  656 

Analysis,  of  animal  fluids,  35,  36 
Animal  charcoal,  as  a decolonzer,  94 
Animal  functions,  25 
Animal  heat,  300 

quantity  of,  produced,  302 
mode  of  generation  of,  305 
normal  variations  of,  303 
local  production  of,  307 
Animalcules,  infusorial,  6(6 
Annulus  ovalis,  807  _ ..r 

Anterior  columns  of  spinal  cord,  435, 44o, 
450 

Anterior  pyramids,  438 
Anus,  formation  of,  727,  (79 
imperforate,  776 
Aorta,  development  of,  796 
Aphasia,  485 

Appetite,  disturbed  by  anxiety,  171 
Aquatic  respiration,  272 
Aqueous  humor,  612 
Arbor  vide  uterina,  693 
Arch  of  aorta,  formation  oi,  796 
Arches,  cervical,  795 
Area  pellucida,  724 
Area  vasculosa,  742 
Arrest,  action  of,  568,  571 
Arteries,  330 

pulsation  of,  331 
movement  of  blood  in,  330,  338 
omphalo-mesenteric,  792 
vertebral,  792,  795 

( did  ) 
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Arteries,  umbilical,  793 
Arterial  pressure,  338 
Arterial  system,  330 
development  of,  795 

Articulation,  conditions  of,  485,  509,  545, 
579 

Arytenoid  cartilages,  278 

Asphyxia,  281 

Ataxia,  locomotor,  406 

Attitude,  464 

Auditory  apparatus,  649 

Auditory  nerve,  551 

Auditory  hairs,  656 

Auriculo-veutricular  valves,  320 

Axis  cylinder,  403 

Azygous  veins,  formation  of,  799 


Bacterium  teemo,  83,  eso 

Batrachians,  red  blood-globules  of, 
252 
Bile,  201 

physical  characters  of,  205 
spectrum  of,  207 
composition  of,  211 
quantity  of,  218,  219 
reactions  of,  with  gastric  juice,  159, 
222 

functions  of,  221 

alteration  and  reabsorption  of,  in  in- 
testine, 220,  223 
secretion  of,  in  the  fcetus,  777 
Bile-test,  Gmelin’s,  98 
Biliary  matters,  in  urine,  388 
Biliary  salts,  106,  211 
Bilifulvine,  98 
Bilipliseine,  98 
Bilirubine,  98,  206 
Biliverdine,  98,  206 
Binocular  vision,  637 
Bladder,  urinary,  closure  and  evacuation 
of,  468 

formation  of,  in  foetus,  779 
Blastoderm,  723,  730 
folds  of  the,  731 
Blind  spot,  of  the  retina,  620 
Blood,  243 

red  globules  of,  243 
spectrum  of,  248,  250 
diagnosis  of,  253 
white  globules  of,  254 
plasma,  257 
coagulation  of,  260 
quantity  of,  267 

alterations  of,  in  respiration,  293 
temperature  of,  300,  308 
cooling  of,  in  lungs  and  skin,  308 
circulation  of,  318 
occurrence  of,  in  the  urine,  392 
Blood-stains,  recognition  of,  253 
Bones,  composition  of,  45 
ossification  of,  45,  773 
of  the  middle  ear,  650 
Brain,  of  reptile,  436 
of  bird,  437 
of  quadruped,  437 
of  man,  433,  441,  471 
fissures  and  convolutions  of,  472 
rapidity  of  nervous  action  in,  430 
remarkable  cases  of  injury  to,  479 
of  idiots,  481 
development  of,  769 


Branehim,  272 
Bread,  119 

Broad  ligaments,  of  uterus,  formation  of. 
789 

Bronchi,  division  of,  273 
Bronchial  tubes,  ultimate,  273 
Brunner’s  glands,  180 
Butter,  119 
Butyrine,  119 


riANAL,  medullary,  725,  736,  769 
\J  Canal  of  Schlemm,  609 
Canals,  semicircular,  655 
of  Cuvier,  797 
Cane  sugar,  67 
Capillary  bloodvessels,  343 
inosculation  of,  345 
motion  of  blood  in,  346 
Capillary  circulation,  343 
causes  of,  348 
rapidity  of,  349 
local  variations  in,  351 
peculiarities  of,  in  different  parts, 
353 

Capsule,  internal,  475 
external,  476 

Caput  coli,  formation  of,  776 
Carbo-hydrates,  55 
Carbonate,  lime,  46 

ammonium,  in  decomposing  urine, 
394 

Carbonates,  alkaline,  51 
Carbonic  acid,  60, 128, 129, 130, 283, 287, 291 
in  the  breath,  283 
in  the  blood,  296 
origin  of,  297 

mode  of  production  of,  298 
daily  quantity  of,  283 
exhaled  by  the  skin,  285 
by  the  egg,  during  incubation,  744 
absorbed  by  vegetables,  60,  131,  270 
Cardiac  circulation,  in  adult,  320,  808 
in  the  foetus,  803 

Carnivorous  animals,  respiration  of,  286 
urine  of,  52,  112 

Carotid  arteries,  formation  of,  795 
Caseine,  88 
Catalytic  action,  81 
Catoptric  images,  in  the  eye,  632 
Cellulose,  of  starch,  56 
Centre,  nervous,  definition  of,  415 
Cereal  grains,  composition  of,  119 
Cerebellum,  493 

effects  of  injury  to,  494 
function  of,  499 
development  of,  770 
Cerebral  ganglia,  437,  476,  491 
Cerebral  vesicles,  769 
Cerebrine,  103 
Cerebro-spinal  system,  432 
development  of,  769 
Cerebrum,  471 

development  of,  770 
Cervical  arches,  795 
Cervical  fissures,  780 
Cervix  uteri,  693 

in  the  fcetus,  789 
Chalazm,  of  fowl’s  egg,  690 
Cheese,  118 

Chest,  movements  of,  in  respiration,  276 
Cldasma,  of  optic  nerves,  516 
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Chick,  development  of,  729 
Chloride,  potassium,  ID,  384 
Chloride,  sodium,  47,  384 
Cliloropliylle,  101 
Cliolepyrrhine,  98 
Cholesterine,  76 

Chondrine,  91  

Chorda  dorsalis,  725,  734,  <36,  7(2 
Chorda  tympaui,  549  ... 

influence  of,  on  circulation  in  sub- 
maxillary gland,  550 
on  the  sense  of  taste,  550 
Chord®  vocales,  movement  of,  in  respira- 
tion, 277 

action  ot,  m vocalization,  o65 
obstruction  of  glottis  by,  after  section 
of  the  pneumogastric  nerves,  563 
Chorion,  746 

villosities  of,  747  _ 

source  of  vascularity  of,  <48 
union  of,  with  decidua,  <53 
Choroid  coat,  of  the  eye,  610 
Chyle,  73,  192,  367 
absorption  of,  192 
in  the  lacteals,  197 
in  the  blood,  199 
Chyme,  169 
Cicatricula,  689,  729 

segmentation  of,  730 
Ciliary  muscle,  610,  634 
Ciliary  nerves,  583 
Circulation,  318 

in  the  heart,  318 
in  the  arteries,  330 
in  the  veins,  340 
in  the  capillaries,  313 
rapidity  of,  350 
local  variations  of,  351 
peculiarities  of,  in  different  parts,  ooo 
placental,  759,  793 
vitelline,  791 
adult,  794 

Circulatory  apparatus,  318 
development  of,  791 
Claustrum,  476 
Clot,  formation  of,  262 
Coagulation,  81 

of  fibrine,  81,  86,  258 
of  albumen,  86 
of  milk,  118 
of  pancreatine,  175 
of  ptyaliue,  141,  142 
of  blood,  260 

Cochlea,  660  . 

Cold,  resistance  to,  by  animals,  300,  314 
effect  of,  when  long  continued,  312 
Collagen,  91 
Coloring  matters,  94 
of  the  blood,  95 
of  the  skin,  97 
of  bile,  98,  99,  206 
of  urine,  99 

of  the  corpus  luteum,  100 

of  green  plants,  101 

Commissure,  gray,  of  the  spinal  cord, 
435 

white,  of  the  spinal  cord,  435,  445 
transverse,  of  the  cerebrum,  477 
of  the  cerebellum,  494,  500 
Composition,  of  Folding's  liquor,  64 
of  different  articles  of  food,  118 
of  the  daily  ration  of  food,  125 


Composition,  of  saliva,  141 

of  human  parotid  saliva,  144 
of  gastric  juice,  157 
of  pancreatic  juice,  173 
of  intestinal  juice,  183 
of  bile,  211 

of  the  red  blood-globules,  247 
of  blood-plasma,  257 
of  cutaneous  perspiration,  316 
of  lymph,  367 
of  lymph  and  chyle,  369 
of  the  urine,  378 

Congenital  diaphragmatic  hernia,  779 
Congenital  inguinal  hernia,,  788 
Congenital  umbilical  hernia,  777 
Contraction,  of  stomach  during  digestion, 
167 

of  the  blood-clot,  261 
of  the  diaphragm  and  intercostal 
muscles  in  respiration,  275 
of  the  posterior  crieo-arytenoid  mus- 
cles, 278 

of  the  ventricles  of  the  heart,  324 
of  the  muscles  after  death,  419 
of  the  sphincter  ani,  467 
of  the  rectum,  467 
of  the  urinary  bladder,  468 
of  the  pupil,  under  the  influence  of 
light,  400,  518,  524,  611,  634 
Convolutions,  of  the  human  brain,  475 
Cooking,  effect  of,  on  albuminous  matters, 
82 

on  meat,  121 
on  vegetables,  123 
Cord,  spinal,  433,  443 
umbilical,  763 
Cornea,  609 

Corpora  striata,  437,  476 
Corpora  Wolfhana,  784 
Corpus  callosum,  47" 

Corpus  dentatum,  493  _ 

Corpus  geniculatum,  internum  and  ex- 
ternum, 516 
Corpus  luteum,  713 

of  menstruation,  713 
of  pregnancy,  717 
Cort-i,  organ  of,  662 
Cranial  nerves,  511 

classification  of,  513  _ _ 

general  arrangement  and  origin  of, 
579 

Creatine,  106 
Creatinine,  107,  382^ 

Cremaster  muscle,  787 
Crossed  action,  of  spinal  cord,  454 
of  optic  nerves,  521 
of  optic  tubercles,  522 
of  the  oculomotorius  nerves,  523 
of  the  facial  nerves,  546 
Crossing,  of  fibres  in  medulla  oblongata, 
439,455  . . , . 

of  sensitive  fibres  m spinal  cord,  45. j 
of  fibres  of  optic  nerves,  516 
of  streams  of  blood  in  the  fcetal  heart., 
803 

Crystalline  lens,  613 
Crystallizable  nitrogenous  matters,  102 
Crystals,  of  stearine,  70 
of  palmitine,  71 
of  cholesterine,  77 
of  sodium  glycocliolate,  105 
of  sodium  taurocholate,  106 
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Crystals,  of  biliary  matters,  from  small 
intestine,  217 
of  creatine,  107 
of  creatinine,  107 
of  urea,  109 
of  sodium  urate,  382 
of  uric  acid,  385 
of  lime  oxalate,  394 
of  ammonio-magnesian  phosphate. 
396 

Cumulus  p'roligerus,  706 
Cupola,  of  the  cochlea,  660 
Cuticle,  exfoliation  of,  afterbirth,  810 
Cuvier,  canals  of,  797 
Cysticercus  cellulosEe,  673 


DEATH,  a necessary  consequence  of 
life,  668 
Decidua,  750 
vera,  751 
reflexa,  751 

union  of,  with  chorion,  753 
vera  and  reflexa,  contact  of,  765 
Decussation,  of  cerebro-spinal  nerve  fi- 
bres, 433 

of  anterior  columns  of  spinal  cord, 
444,  445 

of  anterior  pyramids,  439,  454,  503 
of  sensitive  fibres  in  the  spinal  cord, 
455 

of  optic  nerves,  440,  619 
of  the  patheticus  nerves,  525 
of  the  facial  nerves,  546 
Degeneration,  fatty,  of  the  decidua,  766 
of  the  uterine  muscular  fibres,  after 
delivery,  767 
Deglutition,  151,  508,  579 

retarded  by  division  of  Steno’s  duct, 
148 

reflex  action  of,  508,  555,  566 
Dentition,  first,  810 
second,  811 

Deposits,  in  the  urine,  390 
Descent,  of  the  testicles,  786 
of  the  ovaries,  788 

Development,  of  the  impregnated  egg, 
721,  745 

of  allantois,  740,  741 
of  chorion,  746 
of  decidua,  750 
of  placenta,  793 
of  nervous  system,  769 
of  eye,  771 
of  ear,  772 
of  skeleton,  772 
of  limbs,  773 
of  integument,  774 
of  alimentary  canal,  775 
of  urinary  passages,  779 
of  liver,  778 
of  face,  780 

of  Wolffian  bodies,  784 
of  kidneys,  785 

of  internal  organs  of  generation,  785 
of  circulatory  apparatus,  791 
of  arterial  system,  795 
of  venous  system,  797 
of  hepatic  circulation,  799 
of  the  heart,  802 
of  the  body  after  birth,  809 
Dextrine,  59 


Diabetes,  242 

in  the  foetus,  778 
Diaphragm,  action  of,  275 
formation  of,  779 

Diaphragmatic  hernia,  congenital,  779 
Diagnosis,  of  blood,  253 
Diastase,  59,  142 
Diehroism,  of  bile,  206 
Dicrotic  pulse,  335 
Diet,  influence  of,  on  nutrition,  116 
on  the  products  of  respiration,  286 
on  formation  of  urea,  110 
on  formation  of  sodium  urate,  111 
Digestion,  131 

of  starch,  60,  149,  150,  175 
of  fats,  168,  175 
of  sugar,  184 

of  albuminous  matters,  160,  168,  177 
of  meat,  168 
of  milk,  169 

of  vegetable  tissues,  169 
time  required  for,  170 
Digestive  apparatus,  of  fowl,  132 
of  ox,  133 
of  man,  134 
Dilator  pupillse,  611 
Direct  and  indirect  vision,  628 
Discus  proligerus,  706 
Distance  and  solidity,  appreciation  of,  640 
Diurnal  variation,  in  exhalation  of  car- 
bonic acid,  283 
in  production  of  urea,  109 
in  density  and  acidity  of  the  urine,  376 
Dorsal  plates,  724,  732 
Double  vision,  639,  640 
Ductus  arteriosus,  802,  803 
Ductus  cochlearis,  661 
Ductus  venosus,  799,  800 
Duodenal  fistula,  217 
Duodenal  glands,  180 
Duration,  of  luminous  impulses  necessary 
for  sight,  644 

of  musical  sounds  necessary  for  hear- 
ing, 666 


EAK,  external,  649 
middle,  649 
internal,  654 
development  of,  772 
Earthy  phosphates,  46 

in  urine,  47,  383,  390,  395 
Egg,  685 

contents  of,  386 
where  formed,  687 
pre-existence  of,  in  ovary,  703 
development  of,  at  puberty,  704 
ripening  and  discharge  of,  705,  707 
impregnation  of,  698 
development  of,  after  impregnation, 
721 

attachment  of,  to  uterine  mucous 
membrane,  753 
discharge  of,  at  delivery,  765 
condition  of,  in  foetus  at  term,  790 
Eggs,  as  food,  122 
Elasticine,  92 
Embryo,  formation  of,  721 

position  of,  in  the  fowl’s  egg,  733 
Embryonic  spot,  724 
Emulsion  of  fats,  68 

by  pancreatic  juice,  175 
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Encephalon,  471 
Endolvmph,  658 
Endosmosis,  360 
Eudosmonieter,  361 
Entozoa,  672 

encysted  and  sexless,  673 
reproduction  of,  674,  675 
Epilepsy,  from  injury  of  the  spinal  cord, 
461 

Epidermis,  exfoliation  of,  after  birth,  810 
Epididymis,  698 

formation  of,  787 

Epithelium,  of  salivary  glands,  139 
in  saliva,  141 

of  gastric  follicles,  153,  154 
of  intestine,  during  digestion,  193 
of  the  membranous  labyrinth,  656, 
657 

of  the  ductus  cochlearis,  662 
Equilibrium,  sense  of,  659 
Eustachian  tube,  654 
Eustachian  valve,  804 
Evacuation,  of  the  rectum  and  bladder, 
467 

Excrementitious  substances,  374 
Excretine,  188 
Excretion,  374 

Exfoliation,  of  cuticle  after  birth,  810 
Exhalation,  from  the  lungs,  43,  288 
from  the  shin,  43,  316 
from  the  fowl’s  egg,  during  incuba- 
tion, 743 

Exhaustion,  of  muscles  and  nerves,  by 
repeated  irritation,  420 
Exosmosis,  361 

Experiments  on  living  animals,  26 
direct  and  indirect  results  of,  28 
Expiration,  movements  of,  276 
Eye,  608 

inflammation  of,  after  division  of  tri- 
geminus nerve,  536 
development  of,  771 


FACE,  motor  nerve  of,  539 
sensitive  nerve  of,  526 
development  of,  780 
Facial  paralysis,  541,  543 
Fallopian  tubes,  692 

formation  of,  786,  789 
Farinaceous  substances,  55 

digestion  of,  60,  149,  150,  175 
Fat,  68 

absorption  of,  192 
emulsion  of,  68,  175 
decomposition  of,  in  the  blood,  199 
necessary,  as  an  ingredient  of  the 
food,  115 

Fatty  degeneration,  of  the  decidua,  766 
of  uterine  muscular  fibres,  after  de- 
livery, 767 
Feces,  187 

Fecundation,  of  the  egg,  698,  711 
Fehling’s  test  for  glucose,  64 
Female  generative  organs,  685 
development  of,  788 
Fenestra  rotunda,  655 
Fenestra  ovalis,  655 
Fermentation,  64 
of  bread,  120 
of  saccharine  urine,  386 
acid,  of  urine,  393 


Fermentation,  alkaline,  of  urine,  394 
Fibrine,  85 

of  the  blood,  257 
coagulation  of,  86,  258,  261 
disappearance  of  in  liver  and  kidneys, 
266 

usefulness  of,  266 
Fibrinogen,  265 
Fibrino-plastic  matter,  265 
Fifth  pair  of  cranial  nerves,  526 
Fissure,  frontal,  488 
of  Rolando,  473 
of  Sylvius,  472 
parietal,  473 

Fissure  of  the  palale,  783 
Fissures,  cervical,  780 
Fistula,  gastric,  156 
pancreatic,  172 
duodenal,  217 

Fixation,  point  of,  in  vision  with  both 
eyes,  638 

Fluorescence,  of  the  bile,  206 
Foetus,  development  of,  769 
Follicles,  salivary,  139 
gastric,  152 
of  X/ieberkiihn,  180 
Graafian,  687 
uterine,  750 
Food,  113 

daily  quantity  of,  124 
effect  of  cooking  on,  121,  123 
Foramen  ovale,  803 
valve  of,  806 
closure  of,  807 

Force,  nervous,  rapidity  of  transmission 
of,  425 

Fossa  ovalis,  807 
Fovea  centralis,  623 
Functions,  25 
animal,  32 
vegetative,  31 
of  the  teeth,  136 
of  saliva,  147 
of  gastric  juice,  160,  166 
of  pancreatic  juice,  174 
of  intestinal  juice,  184 
of  bile,  221 
of  perspiration,  317 
of  the  crystalline  lens,  614 
of  the  semicircular  canals,  668 
of  the  cochlea,  663 


GALVANISM,  action  of,  on  muscles, 
418 

on  nerves,  419 

Ganglia,  cerebral,  437,  476,  491 
spinal,  446,  583 

of  the  sympathetic  system,  583 
Ganglion,  Gasserian,  528 
geniculatum,  548 
impar,  585 
jugular,  557 
ophthalmic,  583 
otic,  584 
petrosal,  553 
semilunar,  585 
sphenopalatine,  584 
spiral,  663 
submaxillary,  584 

Ganglionic  system  of  nerves,  432,  582 
Gasserian  ganglion,  528 
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Gastric  fistula,  156 
Gastric  follicles,  152,  163,  154 
Gastric  juice,  152 

uiocie  of  obtaining,  157 
composition  of,  157 
action  of,  on  the  food,  159,  166 
mode  of  secretion  of,  161 
daily  quantity  of,  164 
reabsorption  of,  170 
Gelatine,  35 

source  of,  91 

effect  of  feeding  animals  on,  117 
Generation,  668 

spontaneous,  670 
of  infusoria,  679 
of  entozoa,  672 
sexual,  682 
Germ,  682 

Germinal  membrane,  723 
Germinative  vesicle,  686 

disappearance  of,  in  mature  egg,  721 
Germinative  spot,  686 
Gills,  272 

Glands,  of  Brunner,  180 
salivary,  138 
peptic,  155 

of  small  intestine,  190 
lymphatic,  356 

Glandulas,  agminatse  and  solitarice,  190 
Globules,  red,  of  the  blood,  243 

appearance  of,  under  the  microscope, 
244 

mutual  adhesion  of,  245 
action  of  water  on,  246 
composition  of,  247 
size  of,  in  different  animals,  250 
function  of,  254,  294 
Globules,  white,  of  the  blood,  254 
amceboid  movements  of,  255 
Globules,  of  lymph,  369 
Glomeruli,  of  the  Wolffian  bodies  and 
kidneys,  784 

Glosso-pharyngeal  neiwe,  553 
Glottis,  movements  of,  in  respiration,  277 
in  vocalization,  565 

Glottis,  closure  of,  after  division  of  the 
pneumogastric  nerves,  563 


Glucose,  62 

formation  of,  in  the  liver,  232 
detection  of,  in  the  urine,  386 
Gluten,  in  wheat  flour,  86 
Glycerine,  69,  231 
Glycine,  104 

Glycockolate,  sodium,  104 
Glycocliolic  acid,  104 
Glycogen,  61,  228 

conversion  of,  into  sugar,  232 
Glycogenic  function  of  liver,  228 
' in  the  foetus,  778 
Gmelin’s  bile-test,  98 
Graafian  follicles,  687 
structure  of,  706 
rupture  of,  in  ovulation,  707 
in  menstruation,  710 
condition  of,  in  foetus  at  term,  790 
Granulose,  of  starch  grains,  56 
Gray  substance,  of  the  nervous  system, 
400,  413 

Groove,  medullary,  724,  732,  736,  <69 
Gubernaeulum  testis,  787 
Gustatory  nerves,  533,  554,  601 


HAIRS,  auditory,  656 

Hairs,  formation  of,  in  foetus,  774 
exfoliation  of,  during  intra-uterino 
life,  778 

exfoliation  of,  after  birth,  810 
Hare-lip,  783 

Headache,  pathology  of,  531 
Hearing,  sense  of,  648 
organ  of,  649 
Heart,  318 

of  mammalians,  319 
of  man,  319 

circulation  of  blood  through,  320 
sounds  of,  322 
movements  of,  324 
impulse  of,  326 
development  of,  802 
Heat,  vital,  of  animals,  300 
of  plants,  301 
how  produced,  305 
Hemaphaeine,  99 
Hematoidine,  98 
Hemianajsthesia,  492 
Hemiplegia,  457,  458,  492 
with  aphasia,  486 
Hemispheres,  cerebral,  436,  471 
cases  of  injury  to,  479 
effect  of  removal  of,  482 
effect  of  disease  of,  481 
functions  of,  479 
centres  of  motion  in,  487 
development  of,  770 
Hemoglobine,  95 

spectrum  of,  248,  250 
Hemorrhage,  arrest  of,  by  coagulation  of 
fibrine,  266 

from  the  placenta,  in  parturition,  765 
Hepatic  circulation,  201 
development  of,  799 

Herbivorous  animals,  respiration  of,  286 
urine  of,  52,  112 

Hernia,  congenital,  diaphragmatic,  779 
inguinal,  788 
umbilical,  777 
Hibernation,  311 

respiration  in,  282 
production  of  heat  in,  305 
Hippurate,  sodium,  111 
Hippuric  acid,  111 
Honey,  composition  of,  67 
Hydrobilirubine,  99 

Hydrocarbonaceous  proximate  princi- 
ples, 55 

source  and  destination  of,  78 
Hygroscopicity,  of  albuminous  matters,  80 
Hyperaesthesia,  after  injury  to  spinal 
cord,  456 

Hypoglossal  nerve,  574 


TDIOTS,  brain  of,  481 
1 Images,  catoptric,  in  the  eye,  632 
Images,  negative,  646 
Imperforate  anus,  776 
Impregnation,  of  the  egg,  698,  <11 
of  the  female,  700 
Impulse,  of  the  heart,  326 
Incisor  teeth,  136,  138 
Incus,  650 

Infant,  newly  born,  condition  of,  80J 
Infusoria,  676 

reproduction  of,  679 
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Inguinal  hernia,  congenital,  788 
Inorganic  proximate  principles,  40 
source  and  destination  of,  54 
Inosculation,  of  veins,  341 
of  capillaries,  345 
of- nerves,  405,  406 
Inspiration,  movements  of,  275,  278 
Instinct,  nature  of,  501 
Integument,  respiration  by,  285,  809 
development  of,  774 
Intellectual  powers,  484 
Intestine,  of  fowl,  132 
of  man,  134 
secretions  of,  180 
digestion  in,  184 
epithelium  of,  193 
development  of,  727,  775 
Intestinal  juice,  180 
Iodine,  action  of,  onf  starch,  58 
in  the  urine,  389 
Iris,  610 

movements  of,  400,  518,  524,  611,  634 
formation  of,  772 
Iron,  in  hemoglobine,  96 
in  the  food,  97 
in  melanine,  98 
Irritability,  nervous,  417 
muscular,  418 
Island  of  Beil,  473 


TACOBSON,  nerve  of,  553 
J Jaundice,  yellow  color  of  urine  in,  388 
Judgment,  484 
Jugular  ganglion,  557 


KEBATINE,  92 

Kidneys,  circulation  in,  352,  353 
elimination  of  medicinal  substances 
by,  389 

development  of,  785 


T ABYBINTH,  654 
Jj  Lacteals,  197 
Lactic  acid,  in  souring  milk,  118 
in  gastric  juice,  158 
Lactose,  66 

Lamina,  spiral,  of  the  cochlea,  661 
Language,  articulate,  485,  509,  545,  579 
Large  intestine,  186 

development  of,  775,  776 
Larynx,  action  of,  in  respiration,  277 
in  vocalization,  565 
nerves  of,  557,  558 

Layers,  blastodermic,  external  and  in- 
ternal, 723,  730 
intermediate,  734 
Lecithine,  102 
Legumine,  89 
Lens,  crystalline,  613 
Leucine,  104 

Lieberkiiltn,  follicles  of,  180,  181 
Ligament,  broad,  of  the  uterus,  789 
round,  of  the  uterus,  789 
round,  of  the  liver,  801 
of  the  ovary,  789 
Limbs,  formation  of,  727,  773 
Lime  carbonate,  46 
oxalate,  394 


Lime  phosphate,  43 
Line  of  direct  vision,  628 
Lingual  nerve,  530,  532 
Liver,  201 

secretion  of  bile  in,  216 
formation  of  glycogen  in,  228 
production  of  sugar  in,  232 
development  of,  778,  799 
Liver-cells,  202 
Liver-sugar,  formation  of,  232 

accumulation  of,  after  death,  234 
proportion  of,  during  life,  236 
production  of,  in  the  foetus,  778 
Lobules,  of  the  liver,  201 
of  the  lung,  273 
Locomotion,  464 
Locomotor  ataxia,  466 
Lungs,  structure  of,  272,  273 
development  of,  779 
Luteine,  100 
Lymph,  367 
Lymph-globules,  369 
Lymphatic  system,  354 


Macula  auditiva,  656 

Macula  lutea,  623 
Magnesium  phosphate,  46 
Male  organs  of  generation,  695 
development  of,  786 
Malleus,  650 

Mastication,  136,  />33,  579 

unilateral,  in  rumination,  145 
retarded  by  suppression  of  saliva,  148 
Meat,  as  food,  121 
Meconic  acid,  142 
Meconium,  777 

Medulla  oblongata,  439,  440,  502 
reflex  action  of,  505,  507 
development  of,  770 
Medullary  canal,  725,  736,  769 
Medullary  groove,  724,  732,  736,  769 
Medullary  layer,  of  nerve  fibres,  402 
Melanine,  97 
Membraua  basilaris,  661 
Membrana  granulosa,  706 
Membrana  tympani,  649 
Membrane,  pupillary,  772 
Membranous  labyrinth,  655 
Memory,  484 

Menobranchus,  blood-globules  of,  252 
gills  of,  272 
spermatozoa  of,  696 
Menstruation,  708 

corpus  luteum  of,  713 
Mesenteric  glands,  358 
Metalbumen,  259,  264 
Micropyle,  685,  699 
Middle  ear,  649 
bones  of,  650 
Milk,  73,  118 
Milk-sugar,  66 

conversion  of,  into  lactic  acid,  118 
Molar  teeth,  137,  138 
Motor  nerve  fibres,  409 
Mouth,  134 

development  of,  780,  782 
Movements,  of  bacterium  cells,  84,  680 
of  stomach,  166 
of  intestine,  191 

of  white  blood-globules,  255,  256 
of  chest,  iu  respiration,  275 
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Movements  of  glottis,  in  respiration,  277 
of  the  heart,  324 
of  spermatozoa,  096 
of  the  iris,  400,  618,  524,  611,  634 
of  the  foetus  in  utero,  764 
of  the  newly-born  infant,  810 
Mucosine,  90 

Mucous  membrane,  of  stomach,  152 
of  intestine,  180,  189 
of  the  uterus,  693,  750 
Mucus,  in  the  urine,  392 
Muscles,  irritability  of,  419 
Musical  notes,  production  and  perception 
of,  665 

Myeline-forrns,  102 
Myopic  eye,  036 
Myosine,  90 

NAILS,  development  of,  774 
N egative  images,  646 
Nerve,  abducens,  538 
auditory,  551 
facial,  539 

great  superficial  petrosal,  548 
glossopharyngeal,  653 
hypoglossal,  574 
lingual,  530,  532 
oculomotorius,  522 
olfactory,  513 
optic,  516 
patheticus,  524 
pneumogastric,  557 
small  superficial  petrosal,  549 
spinal  accessory,  571 
stapedius,  549 
sympathetic,  582 
trigeminus,  526 
Nerve  cells,  413 
Nerve  fibres,  400 
medullated,  402 
non-medullat-ed,  404 
division  of,  406,  407 
termination  of,  408 
sensitive  and  motor,  409 
effect  of  division  on,  410 
union  and  regeneration  of,  411 
connection  of,  with  nerve  cells,  414 
Nerves,  405 

spinal,  434,  445 
cranial,  511,  579 
Nervous  force,  419 
nature  of,  423 

rapidity  of  transmission  of,  425 
Nervous  irritability,  417 

duration  of,  after  death,  419’ 
exhausted  by  excitement,  420 
Nervous  system,  399 
development  of,  769 
Nervous  tissue,  two  kinds  of,  400 
Network,  capillary,  346 
Nitrogen,  a constituent  of  albuminous 
matters,  79 

Non-nitrogenous  proximate  principles, 
55 

Nucleus,  caudate,  476 
lenticular,  476 
olivary,  604  . , 

of  the  abducens  and  facial  nerves,  538 
of  the  auditory  nerve,  551 
of  the  glossopharyngeal  nerve,  653 
of  the  hypoglossal  nerve,  574 


Nucleus  of  the  oculomotorius  and  pathe- 
ticus nerves,  522 
of  the  optic  nerve,  516 
of  the  pneumogastric  nerve,  557 
of  the  spinal  accessory,  571 
of  the  trigeminus,  526 
Nutrition,  33 


Obliteration,  of  ductus  venosus, 
801 


of  ductus  arteriosus,  803 
of  foramen  ovale,  807 
Oculomotorius  nerve,  522 
(Esophagus,  134 

paralysis  of,  after  division  of  the 
pneumogastric  nerves,  566 
CEstruation,  phenomena  of,  708 
Oleaginous  substanctes,  68 

importance  of,  as  ingredients  of  the 
food,  115,  116 
in  the  blood,  199,  260 
Oleine,  70 

Olfactory  apparatus,  604 
Olfactory  bulb,  514 
Olfactory  ganglia,  436 
Olfactory  lobes,  515 
Olfactory  nerves,  513 
Olfactory  tubercle,  514 
Olivary  bodies,  439,  504 
Omphalo-mesenteric  vessels,  792,  799 
Ophthalmic  ganglion,  583 
Ophthalmoscope,  615 
Optic  ganglia,  436 
Optic  nerves,  516 

decussation  of,  519 
crossed  action  of,  521 
physiological  properties  of,  620,  626 
development  of,  771 
Optic  thalami,  437,  476 
development  of,  769 
Optic  tract,' 516 
Optic  tubercles,  436 
Ora  serrata,  616 
Organ  of  Corti,  662 
Organs,  25 

Organization,  of  the  animal  solids  and 
fluids,  34 

Origin,  of  plants  and  animals,  667 
Ossicles,  auditory,  650 
Ossification,  of  the  skeleton,  45,  773 


)tic  ganglion,  584 
)toconia,  657 
)varian  pregnancy,  711 
Ivaries,  683 
of  taenia,  683 
of  frog,  6S7 
of  fowl,  689 
of  human  female,  692 
development  of,  785,  788 
condition  of,  in  foetus  at  term,  790 
Dviducts,  687  _ 

Oviparous  and  viviparous  animals,  <0o 
Dvulation,  703,  710 
Dvum,  683,  685 

3xalic  acid,  produced  in  urine,  393 
3xveen,  absorbed  in  respiration,  281 

solution  of,  in  the  blood,  24S,  254,  294 
absorption  of,  by  the  tissues,  295 
exhalation  of,  by  plants,  60,  131,  270 
absorption  of,  by  the  fowl’s  egg. 
during  incubation,  744 
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PACINIAN  bodies,  407 
Pain,  sensations  of,  597 
Palate,  formation  of,  783 
Palmitine,  70 
Pancreas,  172 
Pancreatic  juice,  171 

mode  of  obtaining,  172 
composition  of,  173 
action  of,  on  starcb  and  fat,  175 
on  albuminous  matters,  177 
daily  quantity  of,  179 
Pancreatine,  89 

in  pancreatic  juice,  174 
Paralysis,  muscular,  422 
nervous,  423 

after  division  of  anterior  spinal  nerve 
root,  447 

direct,  after  lateral  injury  of  spinal 
cord,  455 

crossed,  after  lateral  injury  of  brain, 
455 

various  forms  of,  457 
facial,  543 

glosso-labio-laryngeal,  510 
of  motor  nerves,  by  woorara,  422 
of  voluntary  motion  and  sensation  by 
destruction  of  tuber  annulare,  502 
of  larynx,  pharynx,  and  oesophagus, 
by  division  of  the  pneumogastric 
nerves,  564,  566 

of  muscular  coat  of  stomach,  569 
of  the  external  muscles  of  the  eye- 
ball, 523 

of  levator  palpebrse  superioris,  523 
of  the  muscles  of  mastication,  533 
of  the  sphincter  ani,  468 
of  the  urinary  bladder,  470 
Paraplegia,  457 

reflex  action  of  the  spinal  cord  in, 
463 

Parasites,  internal,  672 
Parotid  saliva,  143,  144 
Parturition,  765 

Par  vagum,  see  Pneumogastric  Nerve, 
557 

Patheticus  nerve,  524 
Pelvis,  development  of,  596 
Pepsine,  59 

in  gastric  juice,  158 
Pepsine  cells,  155 
Peptic  glands,  155 
Perception,  of  sensations,  483,  501 
Perilymph,  655 
Periodical  ovulation,  703,  710 
Peristaltic  action,  of  stomach,  166 
of  intestine,  191 
of  oviduct,  688,  689 

Personal  error,  in  the  observation  of  phe- 
nomena, 431 
Perspiration,  316 

function  of,  in  regulating  tempera- 
ture, 317 

Petrosal  ganglion,  553 

Petrosal  nerve,  548,  549 

Pettenkofer’s  test  for  bile,  212 

Peyer’s  patches,  190 

Pharynx,  action  of,  in  swallowing,  555 

Phenomena,  vital,  29 

Phonation,  509 

Phosphate,  ammonio-magnesian,  in  de- 
composing urine,  395 
lime,  44 


Phosphates,  alkaline,  49,  51,  383 
earthy,  46,  47,  260,  383,  390,  395 
Phosphorized  fat,  102 
Phosphorus,  not  a proximate  principle, 
35 

a constituent  of  lecithine,  103 
oxidation  of,  in  the  body,  51,  103 
Physiology,  definition  of,  25 
method  of  study  of,  26,  31 
Placenta,  755 

formation  of,  757 
foetal  tufts  of,  758 
maternal  sinuses  of,  759 
injection  of,  from  uterine  bloodves- 
sels, 760 
function  of,  761 
separation  of,  in  delivery,  765 
Placental  circulation,  793 
Plasma,  of  the  blood,  243,  257 
Plasmine,  264 
Plates,  dorsal,  724 
abdominal,  725 

Plexus,  capillary,  152,  189,  190,  194,  202, 
274,  346 

peripheral,  of  nerves,  406 
laryngeal,  558 
oesophageal,  559 
pulmonary,  559 
solar,  585 

Pneumogastric  nerve,  557 

physiological  properties  of,  559 
connection  of,  with  respiration,  560 
with  phonation,  565 
with  deglutition,  566 
with  the  stomach  and  digestion,  568 
influence  of,  on  the  heart,  569 
Point  of  distinct  vision,  629 
Point  of  fixation,  in  vision  with  both  eyes, 
638 

Polarity,  of  nerve  fibres  in  action,  424 
Polarized  light,  rotation  of,  by  organic 
fluids,  59 

Pons  Yarolii,  439,  500 
Portal  blood,  temperature  of,  308 
Portal  vein,  distribution  of,  in  the  liver, 
201,  202 

evelopment  of,  800 

Posterior  columns  of  the  spinal  cord,  435, 
445,  449,  453,  465 
Potassium  chloride,  49,  384 
Potassium  sulphate,  52,  53,  384 
Potassium  urate,  382 
Presbyopic  eye,  635 
Pressure,  arterial,  338 
Primitive  trace,  724 
Primitive  vertebrae,  735,  772 
Protagon,  102 

Proteus  anguinus,  blood-globules  of,  252 
Proximate  principles,  33 
definition  of,  35 
mode  of  extraction  of,  36 
varying  proportion  of,  37 
classification  of,  38 
Ptyaline,  89,  141,  142 
Puberty,  signs  of,  704 
Pulsation,  of  heart,  322 
of  arteries,  330 
Pulse,  arterial,  330 
dicrotic,  335 

Pupil,  action  of,  400,  618,  524,  611,  634, 
588 

Pupillary  membrane,  772 
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Pus,  in  the  urine,  393 
Putrefaction,  M2 

arrested  by  gastric  juice,  161 
Pyramids,  anterior,  of  medulla  oblon- 
gata, 438 

decussation  of,  439,  455 


QUANTITY,  daily,  of  air  used  in  res- 
piration, 280 

of  albuminous  matter,  starch,  and 
fat  in  the  food,  128 
of  bile,  219 
of  biliary  acids,  106 
of  carbonic  acid  exhaled,  283 
of  creatinine,  108 

of  earthy  posphates  in  the  urine,  47 
of  feces,  187 

of  fluids  secreted  and  reabsorbed, 
373 

of  food,  124 
of  gastric  j nice,  164 
of  lime  phosphate,  in  the  urine,  46 
of  lymph  and  chyle,  371 
of  magnesium  phosphate,  in  the  urine, 
46 

of  materials  absorbed  and  discharged, 
397 

of  mineral  matter  introduced  and  dis- 
charged, 114 

of  oxygen  consumed,  281 
of  pancreatic  juice,  179 
of  perspiration,  316 
of  saliva,  146 

of  sodium  chloride  discharged,  49 
of  sodium  and  potassium  phosphates, 
in  the  urine,  51 

of  sodium  and  potassium  sulphates, 
in  the  urine,  53 

of  solid  matters,  in  the  urine,  377 
of  urea,  109 
of  urine,  376 

Quantity,  entire,  of  blood  in  the  body, 
267 

of  iron  in  the  blood,  96 
of  lime  phosphate  in  the  body,  44 
of  sodium  chloride  in  the  body,  47 
of  sulphur  in  the  albuminous  ingre- 
dients of  the  body,  53 


Rabbit,  brain  of,  437 

Rapidity,  of  movements  of  respira- 
tion, 279 

of  the  arterial  current,  338 
of  the  venous  current,  349 
of  the  circulation  in  general,  350 
of  nervous  action,  425 
Reactions,  of  the  bile,  205 
of  fat,  68 

of  gastric  juice,  157 
of  intestinal  juice,  184 
of  milk,  118 
of  pancreatic  jnice,  173 
of  saliva,  141 
of  starch,  58 
of  sugar,  62 
of  urine,  384 
Reasoning  powers,  484 
Rectum,  134 

evacuation  of,  467 
development  of,  776 


Red  globules  of  the  blood,  243 
Reflex  action,  416 

of  the  spinal  cord,  459 
of  the  brain,  485 

of  tuliercula  quadrigemina,  518,  522 
of  tuber  annulare,  600 
of  medulla  oblongata,  507 
Refraction,  of  light,  by  the  crystalline 
lens,  613 

Regeneration,  of  divided  nerve  fibres, 
411 

of  the  uterine  tissues,  after  pregnan 
cy,  766,  768 
Reil,  island  of,  473 
Rennet,  118,  133 
Reproduction,  667 

by  generation,  668 
Resinous  matters,  of  the  bile,  105 
Respiration,  270 

in  vegetables,  270 
organs  of,  271 
by  gills,  272 
by  lungs,  272 
by  the  skin,  285,  809 
movements  of,  275 
thoracic,  276 
abdominal,  276 

internal  phenomena  of,  280,  £93 
in  the  newly-born  infant,  809 
Respiratory  movements,  of  the' chest,  275 
of  the  abdomen,  276 
of  the  glottis,  277 

after  division  of  the  pneumogastric 
nerves,  560,  563 

after  injury  of  the  spinal  cord,  458 
Rest.iform  bodies,  494 
Retina,  616 

Rhythm,  of  the  heart’s  action,  328 
Round  ligament,  of  the  uterus,  789 
of  the  liver,  801 

Ruminating  animals,  stomach  of,  133 
Rumination,  movements  of,  133,  145 
Rutting  condition,  of  the  lower  animals, 
708 


QACCHARINE  SUBSTANCES,  61 
lO  in  the  liver,  232 
in  the  blood,  240 
in  the  urine,  240,  386 
Saccharomyees  eerevisiae,  65 
Saccharose,  67 

Sacculus,  of  the  internal  ear,  655 
Saliva,  138 

composition  of,  141 
different  kinds  of,  143 
secretion  of,  145 
daily  quantity  of,  146 
physiological  action  of,  147 
Salivary  glands,  138 
Salivary  tubes,  139 
Salts,  biliary,  104,  105 
of  the  blood,  260 
of  the  urine,  386 
Saponification,  of  fat,  69 
Scala  tympani,  661 
Scala  vestibnli,  661 
Schlemm,  canal  of,  609 
Sclerosis,  of  posterior  columns  of  the 
spinal  cord,  466 

Sclerotic  coat,  of  the  eyeball,  609 
Secretion,  of  saliva,  145 
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Secretion  of  gastric  jnico,  161 
of  intestinal  juice,  180 
of  pancreatic  juice,  179 
of'bile,  216 
of  perspiration,  316 
of  meconium,  bile,  and  gastric  juice 
in'  the  foetus,  777,  778 
Segmentation,  of  the  vitellus,  722 
of  the  cicatricula,  730 
Semicircular  canals,  655 
Seminal  fluid,  695 
Sensation,  409 

dependence  of,  on  the  tuber  annulare, 
500 

channels  of  transmission  for,  in 
spinal  cord,  452,  455 
loss  of,  in  paraplegia  and  hemiplegia, 
457,  458,  492 

Sensations,  of  touch,  593 
of  temperature,  597 
of  pain,  597 
Sense,  of  taste,  600 
of  smell,  604 
of  sight,  607 
of  hearing,  648 
Senses,  the,  593 

mode  of  action  of,  598 
Sensibility,  general,  593 
of  different  regions,  595 
of  nerves  to  electric  current,  419 
of  posterior  spinal  nerve  roots,  448 
of  posterior  and  lateral  columns  of 
the  spinal  cord,  449,  450 
of  the  facial  nerve,  547 
of  the  hypoglossal  nerve,  578 
of  the  spinal  accessory  nerve,  572 
stereoscopic,  642 
Serine,  259 

Serum,  of  the  blood,  252 
Sexes,  distinctive  characters  of,  684 
union  of,  700 
Sexual  generation,  683 
Shock,  nervous,  420 
Sight,  sense  of,  607 
organ  of,  608 

physiological  conditions  of,  627 
Single  and  double  vision,  639 
Sinuses,  vascular,  of  the  placenta,  758, 
759 

Skeleton,  ossification  of,  45,  772 
Skin,  perspiratory  secretion  of,  316 
respiration  by,  285,  809 
development  of,  774 
Smell,  sense-of,  604 
nerves  of,  513,  605 
Sodium  biphosphate,  382 
carbonate,  51 
chloride,  47,  384 
glycocholate,  104 
hippurate,  111 
phosphate,  49 
sulphate,  52,  384 
sulphocyanide,  141,  142 
taurocholate,  105 
urate,  111,  382,  391 

Solar  plexus,  of  sympathetic  nerve,  585 
Solid  bodies,  vision  of,  with  two  eyes, 
640 

Sound,  how  produced,  649 
how  perceived,  657 
Sounds,  of  the  heart,  322 
vocal,  565,  566,  673 


Special  senses,  599 
Species,  668 

continuation  of,  669 
Specific  gravity,  of  the  saliva,  144 
of  gastric  juice,  157 
of  bile,  205 
of  the  blood,  243 
of  lymph,  367 
of  tile  urine,  376 
Spectrum,  of  bile,  207 
of  chlorophylle,  210 
of  Pettenkofer’s  test,  213,  214,  215 
of  blood,  248,  250 
Spermatozoa,  695 
formation  of,  697 
entrance  of,  into  the  egg,  699 
Sphincter  aui,  467 
Sphincter  vesic®,  468 
Sphincter  pupillm,  611 
Sphygmograph,  331 
Spina  bifida,  773 
Spinal  accessory  nerve,  571 
Spinal  column,  formation  of,  726,  735 
Spinal  cord,  433,  443 
commissures  of,  435 
anterior,  lateral,  and  posterior  col- 
umns of,  435 

origin  of  nerves  from,  434,  445 
gray  substance  of,  443 
white  substance  of,  445 
sensibility  and  excitability  of,  449 
transmission  of  nervous  impulses  in, 
429,  449,  452 
crossed  action  of,  454 
reflex  action  of,  459 
protective  action  of,  463 
influence  of,  on  sphincters,  467 
development  of,  726 
Spinalnerves,  origin  of,  434,  445 

transmission  of  motor  and  sensitive 
impulses  in,  447 

Spiral  ganglion,  of  the  cochlear  nerve, 
663 

Spiral  lamina,  of  the  cochlea,  661 
Spontaneous  generation,  670 
Stapedius  muscle,  652 
Starch,  55 

action  of  saliva  on,  142 
digestion  of,  60,  149,  150,  175 
Stearine,  70 
Stercorine,  188 
Stereoscope,  642 
Stereoscopic  sensibility,  642 
Stomach,  133,  134,  152 
digestion  in,  150, 166 
influence  of  pueumogastric  nerve  on, 
568 

formation  of,  775 

Strabismus,  from  paralysis  of  oculoino- 
torius  nerve,  523 
of  abducens  nerve,  539 
Striated  bodies,  437 

Strychnine,  effect  of,  on  the  spinal  cord, 
461 

Sublingual  saliva,  143 

Submaxillary  ganglion,  of  the  sympa- 
thetic, 584 

Submaxillary  gland,  140 

influence  of  nerves  on  the  circulation 
in,  550,  591 

Submaxillary  saliva,  143 
Sugar,  01 
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Sugar,  varieties  of,  62 
tests  for,  62 
fermentation  of,  64 
source  anil  destination  of,  67,  68 
production  of,  in  liyer,  232 
discharge  of,  by  the  urine,  240,  386 
Sulphates,  alkaline,  52,  53 
in  the  urine,  384 

Sulplio-cyanide,  sodium,  in  saliva,  141,142 
Sulphur,  in  albuminous  matters,  63 
in  biliary  matters,  105 
in  excretine,  188 
in  the  feces,  224 
oxidation  of,  in  the  body,  53 
Swallowing,  151,  508,  579 

retarded  by  suppression  of  the  saliva, 
148 

by  division  of  the  pneumogastric 
nerves,  566 

reflex  action  of,  508,  555,  566 
Sympathetic  nerve,  582 

physiological  properties  of,  585 
influence  of,  on  movement  and  sensi- 
bility, 586 

on  the  special  senses,  586 
on  the  circulation,  589 
on  the  temperature  of  parts,  590 
on  reflex  actions,  592 


Tactile  corpuscle,  407,  4os,  594 

Tactile  sensibility,  of  different  re- 
gions, 595 

Tadpole,  development  of,  724 

transformation  of,  into  frog,  728 
Ttettia,  674 

single  articulation  of,  683 
Tapeworm,  674 

production  of,  from  cysticercus,  675 
Taste,  600 

nerves  of,  533,  554,  601 
conditions  of,  603 

injury  of,  by  paralysis  of  facial  nerve, 
550 

Taurine,  105 

Tauro-cholate,  sodium,  105,  106 
Tauro-cholic  acid,  105 
Teeth,  136,  138 

first  and  second  sets  of,  810,  811 
Temperature,  animal,  300,  308 
in  different  species,  301 
of  the  blood  in  different  organs,  308 
regulation  of,  311 

elevation  of,  after  division  of  the 
sympathetic  nerve,  590 
sensations  of,  597 
Tensor  tympani,  651 

Terminal  bulb,  of  a sensitive  nerve,  408, 
594 

Termination,  peripheral,  of  nerve  fibres, 
406,  407,  408 
Tests,  for  starch,  58 
for  sugar,  62,  386 
for  bile,  98,  211,  212 
for  sulpho-cyanides,  142 
Testicles,  683 

periodical  activity  of,  in  fish,  700 
development  of,  785 
descent  of,  786 
Tetanus,  pathology  of,  461 
Thalami,  optic.,  437,  441,  476,  491 
formation  of,  769 


Thaumatropc,  643 
Thoracic  duct,  197,  198  . 

Thoracic  respiration,  276 
Tic  douloureux,  532 
Tongue,  601 

motor  nerve  of,  574 
sensitive  nerve  of,  532,  554 
Toothache,  532 
Touch,  sensations  of,  593 
Trace,  primitive,  724 
Tract,  optic,  516 

Transmission,  of  nerve  force,  rapidity  of, 
425 

in  motor  nerves,  428 
in  sensitive  nerves,  429 
in  the  spinal  cord,  429 
in  the  brain,  420 
Transudation,  359,  365 
Trichina  spiralis,  675 
Tricuspid  valve,  320 
Trigeminus  nerve,  526 
Trommer’s  test  for  glucose,  62 
in  the  urine,  63 

interfered  with  by  albuminose,  87 
Tubal  pregnancy,  711 
Tube,  Eustachian,  654 
Tuber  annulare,  439,  499 
action  of,  500 
Tubercula  bigemina,  517 
Tubercula  quadrigemina,  436,  516 
reflex  action  of,  518 
crossed  action  of,  521 
development  of,  770 
Tubes,  Fallopian,  692 
salivary,  139 
Tubules,  gastric,  152 
uterine,  750 

Tufts,  placental,  757,  758,  759 
Tunica  vaginalis  testis,  formation  of, 
788 

Tympanum,  of  the  ear,  649 


UMBILICAL  COKE,  763 

separation  of,  after  birth,  810 
Umbilical  hernia,  777 
Umbilical  vesicle,  738,  745,  776^ 
Umbilical  veins,  formation  ot,  794 
obliteration  of,  801 
Urachus,  780 

Urate,  sodium,  111,  382  _ 

Urates,  deposits  of,  in  the  urine,  3J0 
Urea,  108,  379 

daily  quantity  of,  109 
conversion  of,  into  ammonium  car- 
bonate, 108,  394 

Uric  acid,  111  „ 

deposited  from  urine,  385,  392 

general  character  of,  52,^112,  374 
physical  properties  of,  376 
composition  of,  378 
ingredients  of,  379 
reactions  of,  384 

interference  of,  with  Trommer  s test, 

abnormal  ingredients  of,  386 
deposits  in,  390 
acid  fermentation  of,  393 
alkaline  fermentation  of,  394 
Urinary  bladder,  closure  and  evacuation 
of,  408 
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Urinary  Madder,  development  of,  779 

Urobiline,  99 

Urochrome,  99 

Urohematine,  99 

Urosacine,  99 

Urosiue,  99 

Uterus,  692,  693 

mucous  membrane  of,  760 
changes  in,  after  impregnation,  751 
regeneration  of,  after  delivery,  766 
development  of,  789 
position  of,  at  birth,  790 
Uterus  bicornis,  789 
Utricle,  of  the  internal  ear,  655 


T7ADVE,  Eustachian,  804 
V of  the  foramen  ovale,  806 
of  Yieussens,  525 
Valves,  of  the  heart,  320,  323 
of  the  veins,  342 
of  the  lymphatics,  355,  370 
Yalvulse  conniventes,  135 
formation  of,  776 
Yasa  deferentia,  698 

formation  of,  786,  787 
Vascular  system,  development  of,  791 
Vapor,  watery,  exhalation  of,  43 
from  the  iungs,  288 
from  the  skin,  316 

Vegetable  food,  necessary  to  man,  114 
Vegetables,  as  food,  122 

production  of  organic  matter  in,  60 
production  of  fat  in,  69 
green  coloring  matter  of,  101 
absorption  of  carbonic  acid  and  ex- 
halation of  oxygen  by,  60,  131,  270 
respiration  in,  270 
production  of  heat  in,  301,  302 
Vegetative  functions,  31 
Veins,  340 

motion  of  the  blood  in,  341 
action  of  the  valves  of,  342 
rapidity  of  blood-current  in,  343 
omphalo-mesenteric,  792 
umbilical,  794 
vertebral,  797 

Vena  azygos,  major  and  minor,  forma- 
tion of,  799 

Vena;  cavse,  formation  of,  797,  798 
Venous  system,  development  of,  797 
Ventricle's,  of  ihe  heart,  situation  of,  319 
action  of,  320 
muscular  fibres  of,  328 
Vernix  caseosa,  774 
Vertebral  arteries,  792,  795 
Vertebral  veins,  797 
Vertebra,  primitive,  735 

permanent,  formation  of,  737,  772 
Vesicle,  umbilical,  738,  745,  776 
Vesicles,  adipose,  72 
cerebral,  769 


Vesicles,  pulmonary,  274 
seminal,  698 
Vesiculie  seminales,  698 
formation  of,  787 

Vestibule,  of  the.internal  ear,  654 
Vieussens,  valve  of,  525 
Villi,  of  stomach,  152 
of  intestine,  189,  194 
of  chorion,  747 
Visceral  folds,  781 
Vision,  sense  of,  607 
acuteness  of,  626 
field  of,  627 
line  of  direct,  628 
point  of  distinct,  629 
erect,  638 
binocular,  639 
Vital  phenomena,  29 
Vitellus,  685,  686 

segmentation  of,  722 
formation  of,  in  foetus,  790 
Vitelline  circulation,  791 
Vitelline  membrane,  685 
Vitelline  spheres,  722 
Vitreous  body,  of  the  eye,  612 
Voice,  formation  of,  in  the  larynx,  565 
loss  of,  after  division  of  the  pneumo- 
gas  trie  nerves,  566 
of  the  spinal  accessory  nerves,  573 
Volition,  seat  of,  in  the  tuber  annulare, 
501 

Vomiting,  how  produced,  556 

WATER,  as  a proximate  principle,  40 
proportion  of,  in  the  tissues  and 
fluids,  41 

probable  formation  of,  in  the  system, 
42 

discharge  of,  from  the  body,  43,  288, 
316 

Weight  of  organs,  comparative,  m the 
foetus  at  term  and  adult,  810 
Wheaten  bread,  composition  of,  121 
White  globules  of  the  blood,  254 
amoeboid  movements  of,  255 
sluggish  movement  of,  in  the  circula- 
tion, 348 

White  substance  of  the  nervous  system. 
409 

Wolffian  bodies,  784 

atrophy  and  disappearance  of,  785 
Woorara,  action  of,  ou  motor  nerves, 
422 


WEAST-EUNGUS,  65 
I Volk,  686,  689,  729 


2jONA  pellucida,  685 
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